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PREFACE. 



This " Handbook of Wireless Telegraphy " (it need hardly 
be said) is not encyclopaedic ; nor, on the other hand, does 
It pretend to be a simple exposition of its subject for the 
benefit of the uninitiated. Rather it is intended for the 
use of those who, for reasons of business or pleasure, have 
already made themselves acquainted with at least some of 
the truths of the theory and practice of wireless telegraphy, 
and to whom, therefore, the ordinary technical terms will 
convey something more concrete than a mere definition in 
words. 

Few, if any, quotations are made in the volume which 
do not bear directly on wireless telegraphy, and those 
which are inserted are given fully. The reader should, 
therefore, have sufficient material on which to form his own 
estimate of the practical bearing of some of the more 
important researches of earlier workers in this subject. 

The thanks of the Author are due to the Companies 
and Firms who have kindly supplied him with details of 
their operations and with blocks illustrative of their 
systems, thus enabling him to give, also, authoritative 
descriptions of the latest developments. Statements of 
achievements have been backed, as far as possible, by 
reports of official experts, but failing this, results have, as 
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a rule, been given on the authority of the inventors or of 
the assignees of their patents. 

In Chapter XVII. will be found the Author's views on 
the subject of the mechanism of Transmission. These are 
based on the latest researches ; and although as yet the 
theory is far from complete, it will be seen that some 
advance has been made through the consideration of 
actual outdoor circumstances, in addition to results of 
experimental measurements. 

The Tables in Chapter XXI. form a unique feature of 
the volume, and should render it useful to those engaged 
in the practice of wireless telegraphy. Most of them have 
been calculated by the Author and appear in print for the 
first time. They deal with such data as the inductance of 
helices, capacity of condensers of various forms and sizes, 
resistance of various conductors to high frequency currents, 
and similar numerical quantities required in the design of 
radio-telegraphic apparatus. As the calculation of these 
Tables has involved a large amount of arithmetical work, 
it is possible that (in spite of precautions) some errors may 
have crept in, and the Author would be grateful if any 
reader who may discover any error will kindly com- 
municate with him through the Publishers. 

Chapter XX. is an almost literal translation of a paper 
"On the Calculation of a Syntonic Wireless Telegraph 
Station," by Signor Alfredo Montel, which was published 
at Rome in June 1906. It gives concisely, with numerical 
examples, the calculations necessary for the design of a 
modern wireless telegraph station. The Author's grateful 
thanks are due to Signor Montel, and to the proprietors of 
L Elletricista for their kind permission to reproduce here 
in English dress a translation of this most useful and 
important paper. 
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From what has been said, it will be seen that the 
Author has tried to confine himself strictly to modern open 
circuit wireless telegraphy, and has omitted methods of 
communication which do not come under that description. 
In regard to mathematical theory, he has avoided, as far 
as possible, the discussion of any problem which remains 
to be dealt with more satisfactorily by experiment In 
regard to the relative merits of close and loose coupling, 
and many other questions arising in practical work, it 
must be remembered that, with the instruments now at 
the command of wireless telegraph engineers, it is possible 
in the course of a brief experiment to obtain comparative 
results which are as satisfactory as a mathematical demon- 
stration could be. 

It should be mentioned that the Author has taken it 
upon himself to introduce one or two new terms — such as 
"jig^* "equifrequent," and ** revibration." The first is short 
for^** an alternating electric current of the hi^h^ frequency 
usually adopted in wireless telegraphy ; " while the others 
are almost self-explanatory, " revibration " describing in 
g enera l the action of which resonance is a particular 
example. 

In addition to acknowledgments already made, the 
Author must express his grateful thanks to the authors 
and publishers who have assisted him by supplying infor- 
mation, or by granting permission for the use of extracts 
or illustrations from published matter. In particular he 
has to thank the proprietors of the Electrician, without 
whose generous aid it would have been impossible for him 
to have included authorised or full descriptions of many 
recent discoveries ; as well as the Royal Societies of 
London and Edinburgh, the Royal Physical Society, the 
Institution of Electrical Engineers, and the proprietors of 
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the Philosophical Magazine^ the Electrical World and 
Engineer {New York), and the Electrical Review. He 
IS likewise indebted to Messrs Longmans and Professor 
Fleming for blocks illustrative of the Marconi system ; 
to Messrs Macmillan and his friend Professor Gibson for 
an extract from the latter's treatise on " Graphs " ; to Mr 
Commerford Martin for extracts from his " Inventions of 
Nikola Tesla;" and to Dr Barth, of Leipsic, for blocks 
taken from Hertz's " Electric Waves." 

Finally, he must express his thanks to his friend Pro- 
fessor Magnus Maclean for kindly checking the Tables of 
Chapter XXL, and to Professor Andrew Jamieson for 
many useful hints during the progress of the work. 



London, February 1907. 
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A HANDBOOK OF 
WIRELESS TELEGRAPHY. 



CHAPTER I. 

ADAPTATIONS OF THE ELECTRIC CURRENT 
TO TELEGRAPHY. 

Progress in the branch of electric tel^raphy usually 
called " wireless " has been so very rapid that many of the 
technical terms used have not yet had definite meanings 
attached to them. To begin with, the term "wireless" itself 
is used vaguely to cover many systems of totally diflferent 
kinds which have in common only the fact that no insulated 
conductor joins the sending and receiving stations. The 
use of the word is no doubt correct, but it leaves undefined 
the type of apparatus and method of transmission. 

Some writers attempt to distinguish the more modem 
methods as " electric wave telegraphy," " space telegraphy," 
" Hertzian telegraphy," " spark telegraphy," and so on ; but 
few if any of these designations really go to the root of the 
matter, and many of them might equally well be applied to 
systems totally unlike those which they are meant to 
describe. 

Let us consider the course of the electric current in 
various telegraphic systems. 

A 
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2 WIRELESS TELEGRAPHY. 

In ordinary wire telegraphy the current goes by the 
whole Earth and returns by the wire. Telegraphists usually 

put it the other way, but it 
is a matter of indifference. 
The circuit is a closed con- 
ducting loop, and, barring un- 
intended leakage, the whole 
current sent out passes through 
the receiver. 

In the Morse, Lindsay, and 
Willoughby-Smith systems a 
current is made to flow be- 
tween two plates buried in the 
earth or sea, and the receiver 
current is picked up by other 
earth-plates placed on the lines 
of flow of the current The 
conducting circuit is still a 
completely closed one. In fact, it exactly resembles a 
shunted galvanometer. The earth is the shunt, hence only 




Fig. I.— Wire Tblbgkaph. 
£, the Earth ; A B, InsnUited Wire 
connected to Earth through Send- 
ing and Receiving Instruments at 
A and B. Arrowheads show direc* 
tion of current. 
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Fig. 2.— General Diagram op Closbo Circuit Wireless Telegraph 

(Morse, Lindsay, Willonghby-SmithX 

E, Earth- Plates; A', Transmitting Key ; /?, Source of Current; C, Receiving 

Galvanometer. Arrowheads show direction of current in earth or sea. 
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ADAPTATIONS OF ELECTRIC CURRENT. 3 

a small proportion of the transmitted current flows through 
the receiver. 

One of Sir Oliver Lodge's systems, not that in most 
general use, depends on varying magnetic induction through 
two closed conducting circuits, one at the sending and the 
other at the receiving station. No current of electricity 
passes from one to the other, but only the magnetic force. 

Between these extremes stand the systems which have 
been most successful. In all of them a conduction current, 
not continuous, but alternating, passes through the upper 
layers of the earth's surface from the sending to the receiv- 
ing station. As, however, there is no return wire the 
current spreads, as a rule, 
equally in all directions round ^->. 

the transmitter. j vL^ 

Reduced to its simplest 



terms the modem wireless tele- 3 ^ \/j/yyyyy^y^ ' 3 
graph is a large conducting ^ ^ 



sphere (the earth) with two con- 
ducting excrescences on it or 
near its surface (the aerial con- 

j V - c mjl. ^'°* 3.— Shunted Galvanometer. 

dUCtOrS;. in one Ot these a (Compare with Fig. a.) 

sudden oscillatory movement ^. Source of current; .9 5, Thick 
, ^ Conductor used as Shunt; C, 

of eleCtnClty is started, which Galvanometer. 

spreads over the surface, causing 

to-and-fro currents in the other wire as it passes. 

In several systems no conducting connection is made 
between the aerials and the earth. In such cases the 
current becomes in places a dielectric displacement. It is, 
however, a true current in the general sense, and the con- 
figuration of its lines of flow is similar to that in the 
entirely conducting systems, except that there may be in 
addition a set of closed lines of force or direct radiation 
propagated outwards above the earth, as in the Lodge- 
Muirhead system. 

So far we have considered mainly the conduction 
current. There is always associated with it a steady or 
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4 WIRELESS TELEGRAPHY. 

varying displacement in the dielectric or insulator surround- 
ing it — in our case in the atmosphere. In wireless tele- 
graphy this displacement is rapidly alternating and in itself 
constitutes a dielectric current, or perhaps we should rather 
say, currents, since the lines of force do not, except in the 
case of stations within short distances of one another. 



A 5^I^ES!^SSS^^^S^^SSS5S5S5as 



CSSS^SSSSSSSSSSSSSSSSSSSS^ 



Fig. 4.— Principal Conductors in Modern Wireless Telegraphs. 

y4, Aerial Wires connected conductively to Earth through Transmitting and Receiving 
Instruments ; B. Aerial Wires connected inductively to Earth by means of Wire Netting 
spread on ground ; C, Lodge-Muirbead system. 

bridge directly from one aerial to the other. Of course, if 
the first process of charging the sending aerial is compara- 
tively slow, taking, for instance, as much as a thousandth 
of a second, the lines of force will have time to spread a 
great distance, and the electrification on the aerials and 
earth's surface will have attained a practically static condi- 
tion before any further change occurs. The lines of force 
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move outward at about 186,000 miles per second, so that 
in one-thousandth of a second the far ends of the outer- 
most ones will, where they touch the earth, have reached a 
distance of 186 miles, the near ends still remaining on the 
sending aerial. Thus we see why it is possible to obtain 
a signal at many miles' distance when the primary circuit is 
broken, even though no spark occurs in the transmitter and 
no oscillations take place. 

In systems in which the aerial does not contain a spark- 
gap, but is coupled by induction to a separate oscillating 
circuit, this initial slow charge is probably quite negligible ; 
it is certainly evanescent. Most systems no\9 in use con- 






\^^vv\svV v \_v^\^:^:^?^ 



Fic 5. — Distribution of Useful Linbs of Electric Force before Spark occurs 
WHEN Distance Small. 

At Transmitting Aerial ; B, Receiving Aerial 

form to these conditions, and therefore do not commence 
every wave train with an odd wave of great length, but 
start with one of the same length as those which follow it. 

Modern wireless telegraphy is, in general, open circuit 
telegraphy, t\e,, telegraphy from one part of a conductor to 
another without the use of a return wire. 

True Hertzian telegraphy, with small radiators placed 
more than a wave length above the ground, uses no con- 
tinuous conductor between the stations. Short-wave 
Hertzian telegraphy has never been successful at distances 
beyond a mile or two, and apparently cannot compete with 
systems which utilise the earth as conductor to guide the 
current round corners, or with long-wave systems in which 
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diffraction performs the same function. As a matter of 
fact, all the systems now in use have either direct conduct- 
ing connections with the earth or have the lower end of 
the vertical aerial so near the ground that the condenser 
formed by the two is nearly as capable of carrying the 
oscillating current as a conductor would be. 

I shall leave questions of priority of invention to 
historians and lawyers, and content myself with describing 
only the experiments which appear to have contributed 
most directly to the development of the new means of 
communication. It should therefore be understood that 
where dates are mentioned they apply only to the matter 
in hand and do not imply the commencement of the work 
of any particular experimenter or even his first publication 
on the subject. 

Closed Circuit Wireless Telegraphy.— The earlier 
systems * of electric telegraphy without connecting wires 
such as those of Morse and Lindsay depended on the 
detection of minute differences of potential between two 
earth-plates sunk at some distance apart on a line flow of 
the current between the two earth-plates of the transmitter. 
These lines of flow resemble, in form, the lines of force 
between the poles of a magnet, and as in the case of the 
magnet the intensity of the action decreases very rapidly 
with distance from the source. This method was therefore 
of very limited application, for it entailed the use of at 
least twice as much wire as would have served to connect 
the stations directly, had that been possible. The long 
base lines required between the earth-plates at both the 
transmitting and receiving stations precluded entirely its 
use for communication between ship and shore. The 
Armstrong and Orling system is the only modern one 
which depends on this principle, and, though pairs of earth- 
plates are used, the transmitting and receiving instruments 

* See " History of Wireless Telegraphy," by J. J. Fahie. 
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have been so much developed in power and sensibility that 
the ratio of the distance between transmitter and receiver 
to the distance between either pair of connected earth-plates 
has been enormously increased. 

Sir W. Preece, also, employs earth-plates at the ends of 
elevated horizontal wires, and though the actual process 
of transmission is somewhat different its limitations are 
similar. This system has, however, been of use under 
certain circumstances, and there are a few installations 
working in the United Kingdom. 

Open Circuit Wireless Telegraphy.— Leaving then 
these systems in which the lines of electric force are moving 
at right angles to the direction of transmission, and in 
which the intensity of their action therefore falls off ap- 
proximately as the cube of the distance, let us consider 
the more modern systems in which the lines of force move 
in the direction of transmission, and have an intensity 
which decreases in simple proportion to the distance. This 
difference constitutes in itself so enormous an advantage 
in favour of the single earth connection and vertical wire as 
opposed to the long horizontal wire earthed at both ends, 
that the progress of systems depending on the latter has 
been entirely eclipsed by the development of the former. 
In this book I shall therefore deal almost exclusively 
with the types of apparatus based on the work of Hertz, 
Lodge, Jackson, Trouton, Marconi, and their many fol- 
lowers, and not with wireless telephony, or with any closed 
circuit system. 

We must now consider the experimental discoveries 
previous to the invention of modern wireless telegraphy, 
but on which it is based. These may be conveniently 
divided into (i) those which rendered the production and 
transmission of electric oscillations possible ; and (2) those 
which made the detection of these oscillations easy. In the 
former category the researches of Henry, Von Bezold, Hertz, 
Lodge, and Tesla stand pre-eminent, and in the latter the 
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principal workers were Hughes, Calzecchi-Onesti, Branly, 
Lodge, and Rutherford. 

Henry. — Professor Joseph Henry, of Princeton Uni- 
versity, was the first to show experimentally that the 
discharge of a Leyden jar may be oscillatory in character, 
a discovery which bears directly on the invention of wire- 
less telegraphy, not only on account of the production of 
a succession of waves, but also because the changes of 
potential are so much more rapid that in a steady discharge. 
In 1838 Henry even succeeded in demonstrating that 
the oscillations in a circuit containing a Leyden jar and 
spark-gap would induce currents in an independent circuit 
many feet distant. Electric telegraphy was, however, in 
its infancy, and no attempt was made to adapt the apparatus 
to the needs of practical communication. Henry's obser- 
vations on the oscillatory character of the discharge were 
confirmed experimentally by Helmholtz and Feddersen, and 
their theory was given by Lord Kelvin (see Chapter XVI.). 

Professor D. E. Hughes. — In 1879 Hughes showed 
that it was possible to transmit signals without the use of a 
connecting wire, from an induction coil to a microphone 
several hundred yards away. He rightly believed that the 
oscillations were propagated through the insulating medium 
between the instruments, but discouraged by the scepticism 
of several well-known persons who formed a committee of 
inquiry, he did not continue his work beyond the purely 
experimental stage. The facts, though known to the com- 
mittee, were not published until over twenty years later, 
when Marconi had already brought out his well-known 
system. 

Sir Oliver Lodge. — While studying the nature of the 
spark discharge from condensers, Sir Oliver Lodge ♦ dis- 

♦ Nature^ vol. 41, p. 368, Feb. 1890. 
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covered that it was possible, by equalising the electrical 
dimensions of two circuits, to obtain an electrical effect 
corresponding to the resonance of two mechanical vibrators 
of equal frequency. The phenomenon is of great import- 
ance in modern wireless telegraphy, and though in its 
original form the apparatus used did not suggest a practical 
means of communication, a similar arrangement of mutual 
equifrequent circuits forms an important part of almost 
every wireless telegraph instrument. It is therefore worth 
while to consider carefully the actual experiments as 
originally carried out. I shall therefore quote Sir Oliver 
Lodge's description : — 

" I shall show this [electrical resonance] in a form which 
requires great precision of tuning or syntony, both emitter 
and receiver being persistently vibrating things giving 
some thirty or forty swings before damping has a serious 
effect I take two Leyden jars with circuits about a yard 
in diameter, and situated about two yards apart (Fig. 6). 
I charge and discharge one jar, and observe that the surgings 
set up in the other can cause it to overflow if it is syntonised 
with the first (see Nature, vol. XLI. p. 368 ; J. J. Thomson, 
* Recent Researches,' p. 395). A closed circuit such as 
this is a feeble radiator and a feeble absorber, so it is not 
adapted for action at a distance. In fact I doubt 
whether it will visibly act at a range beyond the ^ A at 
which true radiation of broken-off energy occurs. If the 
coatings of the jar are separated to a greater distance, so 
that the dielectric is more exposed, it radiates better; 
because in true radiation the electrostatic and the magnetic 
energy are equal, whereas in a ring circuit the magnetic 
energy greatly predominates. By separating the coats of 
the jar as far as possible we get a typical Hertz vibrator 
(Fig. 6a), whose dielectric extends out into the room, and 
thus radiates very powerfully." 

As means of communication, systems based on the 
interaction of two closed resonating circuits cannot com- 
pete favourably with open circuit systems, for the energy 
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transmitted shows an exceedingly rapid decrease with 
distance. The fact that the possibility of producing elec- 
trical resonance had been experimentally demonstrated 
was, however, of fundamental importance, and opened up 
the way for further experiment. Many peculiarities of 



Fig. 6. — Lodge's Syntonic Leydkn Jar Circuits. 

A, B, C, Transmitting Circuit ; D, E, F, Receiving Cinniit; v4, Spark-Gap; E, Slider for 
Tuning by altering Receiving Circuit ; (7, Small Overflow Spark-Gap for detecting 
Received Current. 

alternating currents of very high frequency were first pointed 
out by Lodge. Following an observation of Faraday's 
in a simple yet remarkable experiment, he showed that the 
self-induction of a single loop of thick wire a few feet in 
diameter, was so great a hindrance to an oscillating current 




Fig. 6a.— Hertzian Oscillator. 



of high frequency that a spark of considerable length, indi- 
cating a difference of potential of thousands of volts, passed 
across from one point on the loop to another, though the 
conductor forming the loop had a resistance of only a small 
fraction of an ohm. 
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The enormous importance of the inductance of any 
circuit along which it is proposed to send high frequency 
currents can hardly be overestimated by those accustomed 
to work with currents of low frequency. 

A few examples of the calculation of the impedance of 
a circuit for currents of different frequencies will be found 
in the tables at the end of this book. 

Capacity plays an equally important part in wireless 
telegraphy, and is never a negligible factor. Indeed most 
problems in the subject resolve themselves into questions 
concerning the capacity, inductance, and therefore the 
geometrical form of the conductors concerned. The material 
of the conductor is generally of secondary importance, but 
its size and shape and the dielectric properties of the 
insulating material surrounding it determine the distribu- 
tion of the lines of electric force, and, if these are in motion, 
the system of magnetic lines which constitutes the self- 
induction or inertia of the circuit. The actual form of the 
circuit is thus of more importance than the material of 
which it is composed. 

Von Bezold. — Von Bezold,* in 1870, discovered that 
electric currents or impulses are reflected from the insulated 
end of a conductor, and obtained nodes and loops of 
potential at different points on a wire. He was at the time 
experimenting with the well-known Lichtenberg dust figures. 
If a glass plate be covered on one side by tinfoil which is 
connected to earth, a discharge from the end of a conductor 
placed near the middle of the other side, leaves the bare 
surface of the glass electrified. Dust is then shaken over 
the surface and adheres to the glass in peculiar seaweed-like 
patterns, the forms of which for positive and for negative 

* Poggendorfs Annalen^ 140, p. 541, or " Electric Waves," Hertz, 
p. 54 (Macmillans). The following excerpts and diagrams, Figs. 7-13, 
arc inserted by kind permission of Messrs Macmillan and Dr J. A. 
Barth, of Leipzic. 
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discharges are quite different in character. It is thus 
possible to distinguish a positive from a negative discharge 
though either may last only for a very minute fraction of 
a second. 

The discovery of nodes on a conductor carrying oscil- 
latory currents was made by means of the apparatus shown 
diagrammatically in Fig. 7. 

By varying the lengths of the loops of wire D and D', it 
was found that the dust figures produced at B disappeared, 
while those at A and C were strongly developed. A, B, and C 
were all equally near to the tinfoil earth-plate, but the 

result showed that the 
^ -?' potential at B did not 
rise; while at A, which 
was earthed through 
a high resistance of 
great self-induction — 
what we would now 
call a choking coil — 
and at C, the com- 
pletely insulated end, 
there existed loops of 
potential. 

The reflection of 
electric waves from 
the insulated end of a conductor was thus proved by 
the production of stationary nodes and loops of potential 
and the existence of a definite velocity of propagation 
established. 

The result of this research was probably the first 
experimental confirmation of Maxwell's theory of the pro- 
pagation of electric disturbances, since it was now shown 
that their speed of propagation was finite. 

Von Bezold sums up his results as follows : — 

" I. If, after springing across a spark-gap, an electric 
discharge has before it two paths to earth, one short and 




Fig. 7. 
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the other long, and separated by a test plate, the discharge 
current splits up, so long as the sparking distance is small ; 
but when it is larger the electricity rushes solely along the 
shorter path carrying with it, out of the other branch, 
electricity of the same sign. 

" 2. If a series of electric waves is sent along a wire 
which is insulated at the end, the waves are reflected at the 
end, and the phenomena which accompany this process in 
the case of alternating discharges appear to be caused by 
interference between the advancing and reflected waves. 

" 3. An electric discharge traverses wire of equal lengths 
in equal times whatever may be the material of which these 
wires consist." 

It should be noticed that Von Bezold produced high 
frequency oscillations by the use of a spark-gap, a method 
which has not yet been superseded. 

Hertz. — Eighteen years later Hertz published an ac- 
count * of his experiments on the propagation of electric 
waves along wires. Though some of his conclusions have 
had to be modified in view of later knowledge, they are 
yet of such fundamental importance that we must sum- 
marise them : — 

1. He shows that Faraday's view that electric forces are 
electric polarisations existing independently in space is 
confirmed by his experiments. 

2. It is proved that the velocity of propagation of 
electric force in space is finite. 

We now come to the series of experiments on which 
the fame of Hertz chiefly rests. As is usual in such cases, 
they did not originate in a sudden inspiration or happy 
accident, but were the continued development of the same 
theme by a mind endowed with wonderful insight, persever- 
ance, and constructive imagination. 

During the experiments described above he had often 
noticed that sparks appeared in the secondary circuit when 

♦Wiedemann's Ann, 34, p. 551. 
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It was in positions in which no direct action was possible, 
and in particular near walls or other bodies which might 
be supposed capable of reflecting the inductive action. 

The simplest explanation appeared to be that the 
induction actually spread out as waves from the wire, 
which were then reflected from the walls, and, interfering 
with the advancing waves, caused regions corresponding to 
the nodes and loops in a stationary vibration. In order to 
find whether free radiation was in reality taking place the 
conditions of experiment were made more favourable for 
reflection and the whole space in the neighbourhood of the 
radiator thoroughly explored. 

The radiator, which consisted, as in the last experiments, 
of two square brass plates, 40 by 40 cm., connected by a 
copper wire 60 cm. long, with a spark-gap at its middle 
point, was set up vertically at 1 3 m. distance from a wall 
on the face of which was a large sheet of zinc to act as 
reflector. The secondary conductor was, as before, a ring 
of wire of 35 cm. radius, which was mounted on a wooden 
stand capable of rotation about a vertical and a horizontal 
axis, and at one end of the horizontal axis there was a 
small adjustable spark-gap in the circle of wire. It was by 
the occurrence of minute sparks at this gap that the induc- 
tive action was observed, and the positions of the loops and 
nodes caused by the interference of the direct and reflected 
waves mapped out. At least this was the explanation 
which occurred to Hertz, and though it has been in some 
respects modified by the researches of Bjerknes and other 
experimenters, the main facts which he demonstrated, viz., 
(i) that true electro-magnetic waves, travelling as a free 
radiation through the dielectric may be generated by 
oscillatory currents on a conductor, and that (2) the velocity 
of these waves is finite, have been entirely confirmed by 
later researches. 

Clerk-Maxwell had stated his belief in the existence of 
such waves, and had given, in part iv., chapter xx., of his 
treatise on " Electricity and Magnetism," the fundamental 
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laws of their motion ; but it was reserved for Hertz to give an 
experimental proof of their reality and to discover methods 
for their production and detection. 

Hertz now proceeded to show that the waves produced 
by his oscillator were in all respects light waves of great 
length — that, in fact, they obeyed all the known laws of 
the propagation of light. 
This was not accomplished 
with the original oscillator, 
since the waves it pro- 
duced were several metres 
long, rendering necessary 
the use of excessively large 
reflectors and prisms to 
deal with them. A much 
smaller oscillator was there- 
fore made which gave out 
a wave of about 60 cm. 
This apparatus consisted 
of two thick brass rods 
with a short spark - gap 
between them, placed along 
the focal axis of a cylindri- 
cal parabolic mirror of sheet 
metal. The receiver was 
somewhat similar in shape, 
and was also placed in the 
focal line of a mirror. It 
had an adjustable spark- 
gap for detection of the induced oscillations. 

With this apparatus it was possible to demonstrate, by 
using a flat sheet of metal 2 m. square, that the waves 
followed the law of reflection, t,e,, that their angle of reflec- 
tion from the mirror was equal to their angle of incidence. 
It was also shown that if the axis of the receiving mirror 
were horizontal while the transmitter was vertical, no sparks 
were visible in the former, thus proving, as was to be 



Fig. 8. 
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expected, that the waves emitted were plane polarised. 
This conclusion was confirmed by placing a grid of parallel 
copper wires in the path of the ray. Both transmitter and 
receiver being plated with their axes vertical, if the wires 
of the grid were also vertical it formed a perfect screen, 
nothing being observable at the receiver ; but if the wires 
were horizontal, />., perpendicular to the axes of the 
mirrors, transmission was practically as good as if there 
were no grid there. 

In the first position it was found by experiment that 
the action of the grid was not merely absorption, but that 
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Fig. 9. 

a large proportion of the radiation was reflected from it as 
from a plane mirror. In this respect the phenomenon 
differs from the action of a tourmaline plate on light, since 
the tourmaline absorbs what it does not transmit. 

A large prism of pitch, having as a base an isosceles 
triangle of 1.2 m. in the side and whose height was 1.5 m., 
was next constructed, and was used to determine whether 
the rays were refracted on passing from air into a medium 
of different refrangibility. The angle of the prism was 
about 30°. It was found that the ray deviated about 22* on 
entering or leaving the prism ; as the angle of the prism 
was 30* the refractive index of the pitch was therefore 1.69, 
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a value which is within 5 per cent, of its refractive index for 
ordinary light. 

Thus Hertz showed that free electric waves exist, and 
that light, as Clerk-Maxwell had foretold, is merely a 
manifestation of them. 

The following is from Hertz's description of the form 
and propagation of the electric waves :* — 

**We shall content ourselves with considering the 
results of the construction as shown in Figs. 10, 11, 12, 
and 13. These figures exhibit the distribution of force 
at the times, /=0, JT, JT, fT, or by a suitable reversion 
of the arrows for all subsequent times which are whole 
multiples' of JT. At the origin is shown, in its correct 
position and approximately to correct scale, the arrange- 
ment which was used in our earlier experiments for 
exciting the oscillations. The lines of force are not con- 
tinued right up to this picture, for our formulae assume 
that the oscillator is infinitely short, and therefore became 
inadequate in the neighbourhood of the finite oscillator. 

" Let us begin our explanation of the diagrams with Fig. 
10. Here /=0 ; the current is at its maximum strength, 
but the poles of the rectilinear oscillator are not charged 
with electricity — no lines of force converge towards them. 
But from the time /=0 onwards, such lines of force begin 
to shoot out from the poles ; they are comprised within a 
sphere represented by the value Q = 0. In Fig. 10, indeed, 
this sphere is still vanishingly small, but it rapidly enlarges, 
and by the time t=\T (Fig. 11) it already fills the space R. 
The distribution of the lines of force within the sphere is 
nearly of the same kind as that corresponding to a static 
electric charge upon the poles. The velocity with which 
the spherical surface Q = O spreads out from the origin is at 
first much greater than i/A ; in fact, for the time ^T, this 
latter velocity would only correspond to the value of \ 
given in the figure. At an infinitesimal distance from the 
origin the velocity of propagation is even infinite. 

♦ "Electric Waves," Hertz, p. 146, translated by D. E. Jones (Mac- 
millan). Inserted by kind permission of Messrs Macmillan and Dr 
J. A. Barth. 

B 
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Fig. xo. 




"This IS the phenomenon which, according to the old 
mode of expression, is represented by the statement that 
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Upon the electro-magnetic action which travels with the velo- 
city I /A, there is superposed an electrostatic force travelling 
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with infinite velocity. In the sense of our theory we must 
correctly represent the phenomenon by saying that funda- 
mentally the waves which are being developed do not owe 
their formation solely to the processes at the origin, but 
arise out of the conditions of the whole surrounding space, 
which latter, according to our theory, is the true seat of the 
energy. However this may be, the surface Q = O spreads 
out further with a velocity which gradually sinks to i/A, 
and by the time i=iT (Fig. 12) fills the space R^. At this 
time the electrostatic charge of the poles is at its greatest 
development ; the number of lines of force which converge 
towards the poles is a maximum. As time progresses 
further no fresh lines of force proceed from the poles, but 
the existing ones rather begin to retreat towards the oscil- 
lating conductor, to disappear there as lines of electric force, 
but converting their energy into magnetic energy. Here 
there arises a peculiar action which can plainly be recog- 
nised, at any rate in its beginnings, in Fig. 1 3 (/= JT). The 
lines of force which have withdrawn furthest from the origin 
become laterally inflected by reason of their tendency to 
contract together ; as this inflection contracts nearer and 
nearer to the ^-axis, a portion of each of the outerjines of 
force detaches itself as a self-closed line of force wh ich 
advances independently into space, while the remainder of 
the lines of force sink oack into the oscillating con duct or. 

" The number of receding lines of force is just as great as 
the number which proceeded outwards, but their energy is 
necessarily diminished by the energy of the parts detached. 
This loss of energy corresponds to the radiation Into space. 
In consequence of this, the oscillation would of necessity 
soon come to rest unless impressed forces restored the lost 
energy at the origin. In treating the oscillation as un- 
damped, we have tacitly assumed the presence of such 
forces. In Fig. 10 to which we now return for the time 
/=T, conceiving the arrows to be reversed — the detached 
portions of the lines of force fill the spherical space R^, while 
the lines of force proceeding from the poles have completely 
disappeared. But new lines of force burst out from the 
poles and crowd together the lines whose development we 
have followed into the space R5 (Fig. 11). It is not neces- 
sary to explain further how these lines of force make their 
way to the spaces R^ (Fig. 12), R7 (Fig. 13), Rg (Fig. 10). 
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They run more and more into a pure transverse wave- 
motion, and as such lose themselves in the distance. The 
best way of picturing the play of the forces would be by 
making drawings for still shorter intervals of time and 
attaching these to a stroboscopic disc. 

" A closer examination of the diagrams show that at 
points which do not lie either on the -sr-axis or in the xy- 
plane the direction of the force changes from instant to 
instant. Thus, if we represent the force at such a point in 
the usual manner by a line drawn from the point, the end 
of this line will not simply move backwards and forwards 
along a straight line during an oscillation, but will describe 
an ellipse. 

" In order to find out whether there are any points at 
which this ellipse approximates to a circle, and in which, 
therefore, the force turns successively through all points of 
the compass without any appreciable change of magnitude, 
we superpose two of the diagrams which correspond to 
times differing by JT from one another, e.g.. Fig. lo and 
Fig. 12, or II and 13. At such points as we are trying to 
find, the lines of the one system must clearly cut those 
of the second system at right angles, and the distances 
between the lines of the one system must be equal to 
those of the second. The small quadrilaterals formed by 
the intersection of both systems must therefore be squares 
at the points sought. Now, in fact, regions of this kind 
can be observed ; in Figs. 10 and 1 1 they are indicated by 
circular arrows, the directions of which at the same time 
give the direction of rotation of force. For further explana- 
tion dotted lines are introduced which belong to the system 
of lines in Figs. 12 and 13. Furthermore we find that the 
behaviour here sketched is exhibited by the force not only 
at the points referred to, but also in the whole strip- 
shaped tract which, spreading out from these points, forms 
the neighbourhood of the ^-axis. Yet the force diminishes 
in magnitude so rapidly in this direction that its peculiar 
behaviour only attracts attention at the points mentioned." 

From these researches has sprung modern wireless tele- 
graphy, and though free radiations are no longer generally 
used, Marconi, among others, drew his original inspiration 
from Hertz, his first essay at wireless telegraphy being the 
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invention of a tel^^phic receiver which could detect and 
record as Morse signals the arrival of waves from a Hertz 
transmitter of the form we have described. 

In 1894, at a lecture in the Royal Institution, Sir Oliver 
Lodge showed how the coherer might be utilised for the 
detection of Hertzian waves up to a distance of about 1 50 
yards. The receiver, however, could hardly be called a tele- 
graph instrument, and the possibility of developing it into 
one was apparently at the time hardly realised by the 




BATTERY 
Fig. 14.— Popopf's Receiver. 
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lecturer. His syntonic system, patented in 1897, will be 
described later. 

Early in 1895 Professor Popoff of St Petersburg de- 
scribed a system of observing atmospheric electricity by 
means of a lightning rod connected through a coherer to 
earth. A relay and local battery were put in circuit with 
the coherer, and the relay in turn closed the circuit of an 
electric bell. This arrangement, which resembles Marconi's 
original receiver, the inventor proposed in December 1895 
to use for telegraphic purposes, if a sufficiently powerful 
generator of electric waves could be found to serve as trans- 
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mitter. It was apparently not until after Marconi's success 
had become known that Professor Popoff discovered the 
necessary transmitter. Fig. 14 shows, diagrammatically, 
the arrangement for detecting electrical disturbances which 
it was proposed to use as a telegraphic receiver. The system 
is now in use in France and Russia. 

Nikola Tesla. — It is impossible to leave the part of 
our subject which is concerned with the fundamental dis- 
coveries on which wireless telegraphy is based without 
taking account of some of the brilliant inventions and 
schemes of Tesla. Though much that has been attributed 
to him has undoubtedly had its origin in the prolific imagi- 
nation of the American Press, there remains an exceedingly 
substantial basis of fact, mostly in the form of patent speci- 
fications, or of actual lecture demonstrations, which shows 
his extraordinary inventive power and wonderful know- 
ledge of the properties of alternating currents of both low 
and high frequency. 

Among many other inventions, made as early as 1893, 
perhaps the most important to wireless telegraphists is his 
method of producing long trains of waves of high frequency, 
and of transforming them to higher voltage. After several 
unsuccessful attempts he completed an alternator which 
could be run at 30,000 periods per second, and designed a 
form of transformer capable of transforming these currents 
to very high voltage. He also showed that his transformer, 
or " Tesla coil," as it is usually called nowadays, could 
transform currents of much higher frequencies than were 
obtainable from his alternator, even currents of 100,000 or 
1,000,000 periods per second, such as are produced by the 
oscillatory discharge of a Leyden jar. Fig. 15 shows the 
apparatus used. 

Even at low voltages high frequency currents show 
many remarkable peculiarities, most of which are not 
noticeable in ordinary alternate current working, unless in 
very exceptional circumstances. The heating effect of a 
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high frequency current is, for instance, enormous owing to 
its h'mitation to a thin skin on the surface of the conductor. 
The hysteresis losses in iron placed in so rapidly alternating 
a field are also very great. Thus Tesla found that the 
temperature of an iron wire yV inch in diameter inside a 
coil of 250 turns, in which a current estimated at 5 amperes 
was flowing, rose about 500" C. in two seconds. 

At very high frequencies the presence of an iron core 
in a coil did not appreciably add to its self-induction, 
an interesting fact of immediate application in wireless 
telegraphy. 

Remarkable effects may be produced by adjusting the 
capacity and inductance of a high frequency circuit. Thus, 
Tesla found that if a condenser be included in the circuit, 
the potential at its terminals may rise far above that of the 
alternator. That similar effects are not in any appreciable 
degree noticeable with lower frequencies is probably due 
to the enormous condensers that would be required in 
order to obtain electrical resonance (revibration) at the low 
frequencies which are used in the distribution of electrical 
energy. To determine the actual size of condenser which 
would be required in this case, let us assume that an induct- 
ance such as that of the field magnets of a dynamo is 
available, and then find by calculation the capacity which 
must be added to give a natural frequency of 50 periods 
per second to the circuit. 

The natural frcquenc}' of an electric vibration in a circuit 
of capacity C, microfarads, and inductance, L, cms., is given 
by the equation — 

5,000,000 

v/CL 
If wc take L = 1,000,000 cm., and ;/ = 50, we find C approxi- 
mately equal to 10,000 microfarads. A condenser of this 
capacity, if constructed on the usual plan, would occupy 
about 10 cubic metres. If exactly adjusted to equifrequency 
with the alternator, the circuit would exhibit resonance 
effects on an extraordinary scale. 
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•Let us return, however, to Tesla's experiments, the 
results of which throw a flood of h'ght on many points 
in wireless tel^raph working which would otherwise be 
hard to understand. When a high frequency current is 
passed through the primary of a step 
up transformer the voltage is greatly 
increased, and many new phenomena 
are observable. Powerful brush and 
flame discharges are given off* by con- 
ductors connected to the terminals, the 
neighbouring air being actually rendered 
quite warm by the intense molecular 
bombardment, even though the fre- 
quency be not above 10,000 per second. 
With a frequency ten times as great 
as this the effects are much more 
marked ; to obtain them, however, an 
alternator is not sufficient, the greatest 
frequency Tesla obtained by such 
means being about 30,000 per second. 
An induction coil was therefore used, 
which charged a Leyden jar. The 
latter discharged itself across a spark- 
gap through the primary of a Tesla 
transformer. The discharge of the 
jar being oscillatory, the currents in- 
duced in the secondary of the trans- 
former were of much higher voltage, 
but of the same frequency. At so 
great a frequency the impedance of 
even a thick short conductor is so 
large, that differences of potential 
amounting to hundreds of volts may 
points quite near together ; nodes and loops of potential, 
which may be located by means of an ordinary glow lamp, 
also appear on the conductor. 

The transformer used to produce these effects was of 
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Fig. 15. — Tesla Trans- 
former FOR Produc- 
ing High Frequency 
Alternating Cur- 
rents OF High 
Voltagb. 

A, Transformer ; B^ Special 
Transformer; C, Con- 
denser ; Z>, Spark-Gap ; 
£. Alternator. 
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necessity very different from the ordinary article of com- 
merce. The primary consisted of a few turns of thick 
copper wire inside a glass tube. No iron core was used, as 
with such high frequencies the magnetic induction does 
not penetrate the iron, and thus no advantage would be 



Fig. i6.— Tesla's Disruptive Discharge Coil. 
/*, Primary of G.P. covered wire; .S", Secondary; R R, Bobbins containing Secondary. 

gained. Outside the glass tube were two small bobbins, 
wound with guttapercha-covered copper wire. The number 
of turns was not great, as the rise of voltage depends mainly 
on resonance in the secondary circuit, and not directly 
on the ratio of the numbers of turns in the primary and 
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secondary. The whole transformer was sunk in a bath of 
insulating oil from which air had been removed by means 
of a pump. In order to get the maximum effect the fre- 
quency of the secondary circuit is adjusted to that of the 
primary by altering it s capacity . This may be done by 
means of a small condenser, or by merely altering the 
size of the spheres which form the secondary terminals. 
Tesla has shown that in dealing with these currents, liquid 
dielectrics are far preferable 
to solids as insulators. The a 

molecular bombardment heats 
the surface of a solid, or the 
gas contained in any cavity 
of it, so rapidly, that it soon 
loses its insulating properties. 
Oil, free from air, gives three 
or four times as good results 
as the best solid insulator, and 
has the advantage . that if a 
disruptive discharge should 
occur through it, the puncture 
is self-sealing. 

A transformer circuit of 
this type is in use in 
almost all wireless tele- 
graph stations for the pro- 
duction of the electric waves 
of high frequency and volt- 
age which are used in the transmission of signals. 

One very curious phenomenon — which Tesla suggests 
may be useful in wireless telegraphy, but which (as far as 
the writer is aware) has not yet been so employed — remains 
to be mentioned. It may be called the sensitive ray. A 
small spherical glass bulb, on a tubular stem, is sealed into 
a larger spherical bulb. The space between the bulbs is 
very highly exhausted, and the air in the small bulb and 
stem is rarified just sufficiently to make it conductive. If 




Fig. 17.— Tesla*s Sensitive Ray. 

A, Outside Glass Bulb (High Vacuum); 
J9, Inner Bulb (Low Vacuum), con- 
nected by tube with C ; ^, Sensitive 
Rays. 
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one terminal of the Tesla transformer is connected to the 
air in the stem, a soft h'ght appears round the central sphere. 
In time this diffuse radiation condenses into a definite ray 
which is extremely sensitive to both electric and magnetic 
influence. A small permanent magnet only 2 cm. in length 
will affect the ray at a distance of several metres, and the 
mere presence of a conducting body in the neighbourhood 
of the bulb causes the ray to move so that it is always 
turned away from the conductor. Unfortunately this con- 
dition is not permanent, though when the phenomenon is 
properly understood means may be found to make it so. 
The discovery was made fully a dozen years ago, before 
wireless tel^raphy had become practical ; perhaps it may 
some day be revived and form part of a peculiarly sensitive 
receiver. 

The Superposition of Small Periodic Motions. — 

A favourite lecture experiment of Lord Kelvin's is to show 
the gradual increase in the amplitude of the swing of a long 
and heavy pendulum when its bob is struck with a very 
small mass, at the times when it reaches the limit of each 
swing. A factory has been known to collapse through the 
motion of the engine getting into time with the natural 
period of vibration of the structure. All are illustrations 
of a general principle of immense importance in nature, 
and of paramount importance in the working of a wireless 
system. 

In wireless telegraphy the two great desiderata are the 
ability to transmit messages to great distances, and to pre- 
vent interference between neighbouring stations. The 
solution of both problems has, so far, depended mainly 
on the principle of the superposition of small motions. 
In order that this principle may be successively applied it 
is necessary that the oscillations should continue, with little 
diminution of amplitude for many complete periods, />., 
that the damping should be slight. Damping or decrease 
of amplitude is due to two causes — firstly, to dissipation of 
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energy, as heat, in the local circuits ; secondly, to radiation. 
The first may be reduced to a minimum by properly pro- 
portioning the resistance, capacity, and inductance of the 
circuits, but the second is inevitable, as it represents the 
energy transmitted outwards, a portion of which actuates 
the distant receiver. 

Now the action of a receiver usually depends on the 



Fig. i8a. 
j4, Transmitted Wave; 5, Oscillatory Current produced in Receiver. 

amplitude of the oscillation of potential excited in it by 
the waves from the transmitting station. If these consist, 
as in Marconi's untuned system of one wave of large ampli- 
tjude with a train of three or four rapidly diminishing waves 
behind it, it is clear that the reception of signals depends 
entirely on the amplitude of the first wave and that the 
energy of the others is quite negligible in comparison. If, 



xy — ^=^ 

Fig. i8u. 

A, Two Waves Transmitted ; B^ Resultant Current in' Receiver, showing growth 
through superposition of impulses. 

however, a long train of very slowly diminishing waves be sent 
out, the effect oTeach, if the receiver T)e properly constructed, 
win be added to that of those before until an oscillation of 
great amplitude is induced in the receiver. It is more easy 
to transmit a large amount of energy by a succession of 
small waves than by one large one, for the latter would 
involve excessively high voltage and current. Hence the 
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advantage, in long distance transmission, of using trans- 
mitters and receivers whose natural frequencies are equal. 
Thus if the frequencies of the electrical vibrators at ~B6th 
statfons be the same and the local dissipation of energy very 
small, ft Ts possible to communicate by using long trains of 
waves of moderate volta|^e. Distances may be covered in 
this manner which would be impracticable if transmission 
depended on a single wave or impulse. 

It is fortunate that the best conditions for the trans- 
mission of signals are also those which render it possible to 
arrange for the non-interference of neighbouring stations. 
If a receiver only acts after a considerable number of pro- 
perly timed waves have arrived, we may arrange that it is 
not actuated by other transmitters by causing these to give 
out waves of frequencies other than that to which the 
receiver responds. The weak point of this system of dis- 
crimination between stations is that the receiver may re- 
spond to trains of waves of slightly greater or less frequency 
than its own. A certain margin must therefore be allowed 
for each station in the matter of frequency, and therefore the 
number of non-interfering stations in a neighbourhood is 
not unlimited. This question has been recently discussed 
by J. J. Hettinger,* who has determined the limits of non- 
interference of two stations. 

If a piece of elastic material, such as a metal rod, or the 
column of air in an organ pipe, be caused to vibrate, it has 
been found that the motion tends to take certain definite 
forms. Thus a stretched string will vibrate as a whole, the 
only parts not in motion being the fixed ends. This is 
called its fundamental vibration. Or it may have a quiet 
point at its middle while the rest of its length is in motion. 
This mode of vibration is called the first harmonic, or octave 
(or sometimes the second harmonic). Its frequency is 
double that of the fundamental vibration. In like manner 
the vibrating body may move in 3, 4, 5, or any number of 

* Electrical Review^ 1906. 
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equal segments; the corresponding frequencies of the 
emitted waves being 3, 4, 5, or n times that of the funda- 
mental vibration. The motion of the electricity on an 
electrical vibrator, by which is meant a conductor, or com- 
bination of conductors, bounded by a dielectric which reflects 
the electrical surges back on themselves from the ends of 
the conductor and so maintains a " stationary " vibration of 
definite period, follows a similar law, the frequency of the 
vibration being proportional to the number of segments in 
which it takes place. 

Electrical engineers have recently had this subject of har- 
monic vibration brought very clearly before them through the 
study of alternate currents by means of Duddell's Oscillo- 
graph ; and though the harmonics in this case are as a rule 
forced and not due to natural resonance, the compound 




Fig. 19.— Complex Periodic Vibrations. 

Af Fundamental and First Overtone (Frequencies, i : a) ; ^, Fundamental and Second 
Overtone (Frequencies, i : 3). 

waves obtained are of the same character as those formed 
by the synthesis of natural harmonics. A few types of 
compound waves are shown in Fig. 19. 

The various phenomena connected with the production 
of stationary electric waves on wires have been very fully 
elucidated by a number of experimenters. Among many 
others of lesser importance, the names of Von Bezold, Lodge, 
Hertz, Sarasin and De la Rive, and Barton* may be men- 
tioned. Their researches have proved that the rate of pro- 
pagation_of waves of high frequency along wires is practically 

* Phil, Mag. May 1899. 
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the same as the velocity of h'ght, i.e,, about 3 x 10^^ cnh per 
second. In wireless telegraphy we have to deal with waves 
which travel outwards from a centre along a nearly plane 
conductor as well as with waves along wires ; the theory of 
the former is not so well understood, most of our knowledge 
of the subject is therefore rather qualitative than quantita- 
tive. In long-distance transmission we have also to take 
into account the conductivity of the rarified air of th e uppe r 
atmosphere, which may reduce the propagation of the waves 
to the case of two concentric spherical conductors. These 
questions will be considered in a later chapter. 

In 1896 Professor E. Rutherford, using a large horizontal 
Hertzian radiator as transmitter, and his magnetic detector 
with short unearthed conductors as receiver, obtained signals 
at distances of over a mile. 
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CHAPTER II. 

EARLIER ATTEMPTS AT WIRELESS 
TELEGRAPHY, 

Having briefly described in the last chapter the experi- 
mental researches which showed the way to the invention 
of modern high frequency wireless telegraphy, we must now 
go into the actual experiments, directed definitely to the 
invention of a new means of communication, from which 
the systems now in use have sprung. 

Hughes's discovery in 1879, that his microphone could 
detect, at a considerable distance, the oscillations radiated 
from a conductor connected to one side of the spark-gap of 
an induction coil, came before the time was ripe for such 
things, and as they were not published, cannot have in- 
fluenced subsequent workers. They stand as a warning to 
the inventor against discouragement by the dicta of scientific 
men, who, though learned, have not gone through in detail 
the course of experiment and reasoning which have led him 
to his conclusions. 

The coherer, subsequently rediscovered by Calzecchi- 
Onesti, Lodge, and Branly, was simply an imperfect contact 
like the microphone, and if Hughes's results had been pub- 
lished in 1879 there is little doubt that the existence of 
electrical radiations would have been an established fact 
several years before Hertz's experiments were carried out. 

Probably the earliest successful attempt at communica--^ 
tion by means of a system in which only one earth connec- 
tion is used at each station was that of Professor Dolbear, 
who in 1882 applied for an American patent for a system of 
electrical communication between two or more places with- 

C 
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out wire or con- 
ductor. In his 
first experinsent be 
employ-ed a small 
magneto - electric 
machine, ijt^ a pro- 
ducerof alternating 
^ I J ciurent, as trans- 
I mitter. One ter- 
^ minal only was 
I earthed, the other 
« being free and 
^- only a foot or two 
J- long. 

I The receiver was 
i an ordinary tele- 
'f [Aone,oneterminal 
I being to earth and 
I the other held in 
j! the hand of the 
^" observer, who was 
J insulated. Thedis- 
^ tance of transmis- 
% sion in the first 
I mstance was about 
I sixty feet, which 
!. was later increased 
I by substituting an 
_- 4. ^ induction coil, with 
a Morse key in the 
^ ^ primary circuit, for 

the magneto; large 
capacities were also 
attached to the free 
ends of the receiver 
and transmitter, 
and apparently even telephonic speech was transmitted 
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over a distance of about half a mile. The patent specifica- 
tion does not greatly elucidate the theory of the system. 
The author states that it is of prime importance to keep 
the earth wires oppositely charged at transmitter and 
receiver, and for this purpose he attaches the positive and 
negative poles of primary batteries to them. What ad- 
vantage this arrangement could give, when the transmission 
was in reality by alternate currents, is not at all clear. Fig. 
20 shows the apparatus used on this system when intended 
for the transmission of speech. 

Still following the chronological order, we find that in 
1893 Tesla proposed a plan for the wireless transmission of 
electrical energy — including, of course, telegraphic mes- 
sages — which, though resembling Dolbear's system in 
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Fig. ai.— Tesla's Proposed Wirbless Telegraph. 
AfA', Aerial Capacities ; St S'^ Transnaitting and receiving instruments. 

some respects, contained an important, indeed a fundamental 
improvement. 

The proposal was to use an elevated capacity and a 
single " earth " at each station. At the transmitter a source 
of alternating currents was to be employed as in Dolbear*s 
transmitter, and at the receiver some type of instrument 
suitable to the frequency of the current employed. The 
improvement lay in the suggestion that the self-induction 
and capacity of the receiver should be adjusted so that its 
natural period of electrical vibration should be the same as 
that of the transmitted current. The receiver would thus 
revibrate to the waves received, and the oscillations generated 
in it grow in amplitude as they continued to arrive. A 
series of very slight waves of low potential would therefore 
be able to create, in time, an oscillation great enough to 
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be recorded by the instrument This suggestion grew natu- 
rally out of the inventor's discoveries of the properties of 
high frequency currents, but was apparently not put into 
practice, nor even patented, until 1897. Earlier in the same 
year. Sir Oliver Lodge, approaching the subject from the 
point of view of Hertzian radiations, had patented a system 
of telegraphy without wires in which Hertzian waves were 
employed. The transmitter was a species of Hertz oscil- 
lator, the receiver being of the same electrical dimensions 
{i,e,y capacity, &c.), and having therefore the same natural 
rate of vibration as the transmitter. This is the first patent 
extant for a syntonic system. Tesla's patent, based on 
his suggestion of 1893, was taken out somewhat later. It 
should be noted that he did not, like Lodge, propose to 
employ free radiations, but dealt with oscillating currents 
conducted by the earth. 

Captain H. B. Jackson, R.N., in 1895, before Marconi's 
inventions had been published, had actually succeeded in 
transmitting in the Morse code between two ships by means 
of apparatus very similar to that simultaneously invented 
by Marconi. Details of Captain Jackson's apparatus have 
never been published, as the system is of course the property 
of the Navy. Professor Trouton had also experimented 
on a similar plan. 

MarconL — As already mentioned in the last chapter, Mr 
Marconi's first wireless system (patented in 1896) was based 
directly on Hertz's experiments. The transmitter con- 
sisted of a Hertzian oscillator placed in the focal line of a 
parabolic mirror and actuated by an induction coil. The 
receiver was also similar to that of Hertz, with the addition 
of a coherer as detector and an automatic arrangement for 
causing decoherence immediately on reception of a signal. 
These additions converted an apparatus which had been 
merely a detector of electrical waves into a telegraphic 
instrument which could transmit messages by their agency. 
UsTng direct radiations, Marconi succeeded with this 



Digitized by LjOOQIC 



EARLIER ATTEMPTS. 37 

apparatus in communicating over a distance of about 
2 km., a distance at which no previous experimenter had 
been able even to detect the arrival of the waves. 

The Righi form of oscillator was also used in many of 
the experiments. It differs from Hertz's in having two 
isolated metal spheres between the terminal spheres of the 
high tension circuit of the induction coil. There are thus 
three spark-gaps in series, two long ones at either end and 
a short one in the middle between the insulated spheres. 
It g^ves out waves of very high frequency, as its period is 
determined by the dimensions of the two spheres. 

Marconi had not continued his experiments long with 
this apparatus when it 
occurred to him to in- a 

crease its transmitting ^^^^^ A 

power by connecting 
large insulated conduc- 
tors to each side of the 
spark-gap. Similar con- 
ductors were attached f.c. «.-rioh. oscillatok 

, , . . /4, >4', Small Spheres connected to source of current; 

to the receiver circuit, B, Large spheres constituting Main OscilUtor. 

and when finally the 

earth was requisitioned as one conductor, while the other 
was raised high above it on a pole, it was found possible 
to read the messages at eight or ten times the distance at 
which they could be received by Hertzian radiation alone. 

The practical value of this vast improvement was at 
once appreciated, but the complete change which had 
been effected in the method of transmission by making the 
earth connection was by no means so quickly recognised. 
It seems as if the glamour of Hertz's discovery of free 
electric radiation had blinded the majority of physicists to 
the otherwise obvious fact that the elevated capacity and 
the earth had now become the oscillator, and that the 
receiver was situated on a remote part of the oscillator 
itself. It is curious that the conducting power of the earth 
should have been overlooked after it had served for so 
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many years as the return conductor for telegraphic and 
telephonic currents. 

Marconi's first patent includes (i) direct Hertzian radia- 
tion apparatus, and (2) oscillatory current apparatus with 
one terminal elevated and one to earth at each station. 
This latter, he remarks, is better for communicating 
"through or across hills and other obstacles." Figs. 23 
and 24 show the general arrangement of transmitter and 
receiver in this case. It will be noticed that the Righi 
oscillator was adhered to in the transmitter, though, in 
the light of later knowledge, it apparently served no 
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Fig. 23.— Marconi's Earthed System (Early Form), 

A, A'y Elevated Capacities; B^ Righi Oscillator ; C, Source of Current (Induction Coil) ; 
E, £\ E^th Connections ; B\ Coherer ; C, Receiver Connections. 

useful purpose. The principal oscillator was now formed 
by the aerial capacity and the earth, and gave out oscilla- 
tions of much lower frequency than the Righi spheres. 
The \yhole function of the latter was therefore to convert 
a little of the available energy into free radiations of very 
high frequency, which at very moderate distances became 
so dispersed as to be of no practical use in transmis- 
sion. Within the course of a year, Mr Marconi, taught 
by experience, discarded the Righi oscillator in favour of 
a single spark-gap. 

Marconi's first receiver merits description, as though 
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the receivers now in use contain very many new features, 
it was a thoroughly practical telegraphic instrument, and 
if in its early form it had less reliability than an ordinary 
telegraphic instrument, it could provide a means of com- 
munication in circumstances in which the latter would be 
totally useless. 

The terminals of the coherer were connected to the 
wire from the otherwise insulated aerial capacity and to 
the earth wire. One end of the coherer was also connected 
to a dry cell, and the other through the magnet coil of a 



E 

Fig. 24.— Marconi Receiver (Early Form). [From *' Electrician " Primer No. 67, 
by kind permission of the proprietors.) 

W^ Aerial Wire ; E. Earth Wire ; /, Coherer ; o. Tapper; k, /f , Choking Coils ; g. Dry Cell ; 
», Relay; r, Battery; A, Mon>e Inkwnter ; /•,/*, 7, *, Shunts. 

relay to the other terminal of the cell. In the outer circuit 
of the relay a battery of eight cells and an electric bell, in 
which the coherer took the place of the gong, were put in 
scries. Small choking coils were in.serted between the 
coherer and the relay circuit to prevent the oscillatory 
currents being dissipated in the relay, and shunts were put 
in parallel with all parts of the circuit in which oscillations 
might be generated. In parallel with the tapper circuit 
was a Morse inkwriter or other recording instrument. The 
whole receiver, except the inkwriter, was enclosed in a 
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metal box to screen it from the action of the transmitter 
in the station. The box was connected to earth, the aerial 
wire being temporarily introduced during the reception of 
signals through a hole in one side. The unearthed terminal 
of the inkwriter was connected to the apparatus inside the 
box by an ingenious arrangement, which, while transmitting 
uni-directional currents, did not admit oscillatory currents. 
A length of g^ttapercha-covered wire was coated with tin- 
foil, and after being made into a coil was placed in electric 
contact with the outside of the box. One end of this wire 
was led inside, and the other connected to the inker. 
Direct currents, therefore, could pass along the wire, but 
oscillatory currents preferred to pass across from the wire 
to the tinfoil coating as dielectric currents, and thence via 
the surface of the box to earth. This arrangement made it 
unnecessary to disconnect the inker while transmitting 
signals from the station. 

With this apparatus messages were transmitted about 
forty miles over Salisbury Plain, kites being used to elevate 
the aerial wire. A demonstration was given with the 
assistance of the Post Office across the Bristol Channel at 
Lavemock, where it is about seven miles wide, the aerials 
being supported by poles 1 50 feet high. 

Experimental stations were then put up at the Needles 
and Bournemouth, their distance apart being about fourteen 
miles; the latter station was removed, in October 1898, to 
the mouth of Poole Harbour, a distance of sixteen miles 
from the Needles. Temporary installations were also put 
up on board the royal yacht, for communication with 
Ryde, and on a tug boat off Kingstown to report the 
progress of the yachts during a regatta. 

The experimental development of the system may be 
followed by reference to the records of the Patent Office 
and to the reports of Mr Marconi*s occasional lectures to 
scientific societies. Early in the course of the experiments 
the large elevated capacity was discarded, a simple wire of 
from 100 to 150 feet in height being found to be sufficient. 
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In 1898 a radical improvement was made in the receiver 
which immensely increased both its sensitiveness and relia- 
bility, and rendered possible the ** tuning" of pairs of stations 
so that interference need not occur. This essential change 
was brought about by the introduction of a very small 
transformer between the elevated wire and the coherer 
circuit. 

Of the three advantages which are mentioned above, 
the reliability was increased by the provision of a direct 
conducting path to earth, along which any atmospheric elec- 
tricity could flow gently without affecting the coherer, and 





Fig. 25.— Receiving Transformer or Jigger ; Two Methods of Connection 
TO THE Coherer Circuit. 

A, Aerial Wire ; B, Jigger ; Cj Coherer ; £, Earth ; /T. Small Condenser ; F, F, Choking 
Coils leading to Battery and Relay. 

the sensibility was made greater by the increased voltage 
in the secondary, due partly to its action as a step-up 
transformer, but mainly to conversion of the coherer circuit 
into one capable of resonance. This last result of the 
change was also that which made discrimination between 
stations possible. 

Many and varied types of transformer were tried before 
one was found on which signals could be successfully 
received. Ultimately the form adopted consisted of primary 
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coil of about one hundred turns of fine copper wire wound 
on a glass tube of a few millimetres diameter, with a 
secondary of about two hundred turns of still finer wire 
wound in one layer on top of the primary. The primary 
was connected to the air and earth wires ; one end of the 
secondary was connected directly to one end of the coherer, 
and the other, through a small condenser, to the other end 

of the coherer. It 
was found that, for 
reasons which will 
be explained in a 
later chapter, it was 
of no advantage to 
increase the ratio 
of the secondary 
to the primary by 
adding a second or 
third layer over 
the first ; in fact, 
that such an addi- 
tion usually ren- 
dered the transfor- 
mer entirely in- 
operative. The 
patents taken out 
on this subject 
show that the dif- 
ficulty was to some 
extent got over by 
winding the secon- 
dary on a narrow 
base in layers of 
diminishing length. The complete solution of the problem 
was not obtained until it was found that to get the best 
results there had to be a definite relation between the 
length of the secondary and that of the aerial wire — 
that, in fact, the secondary circuit acted as a resonator, 
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Fig. a6.— Jigger with Sflit Secondary. 

At Aerial Wire ; B.^ B^, Primary and Secondary of Jigger ; 
C, Coherer ; A', Jk, Condensers ; /t /, Leads lo Relay 
Circuit ; £, Earth. 
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whose frequency was the same as that of the trans- 
mitted waves. We shall return to this subject in Chapter 
XVI. 

A further improvement consisted in splitting the 
secondary by Inserting a small condenser at its middle 
point ; the connections to the relay circuit being made 
from either side of the condenser, and those to the coherer 
from the outer ends of the secondary. A still further 
development was 
to employ the 
central part of the 
secondary as prim- 
ary, by making 
connections to two 
points on the wire 
separated so as to 
include only a few 
turns in the aerial 
circuit. This 
method of connec- 
tion is now called 
** direct coupling," 
as opposed to in- 
ductivecoUpling by 
means of a sepa- 
rate primary and 

\ -^ Fig. 27.— DikECTLY CouFLED Aerial and Rbceivinc 

secondary. These circuit, with and without condbnser. 

4-«'o«-kc<>rr^«.«MA«.o «-«> ^, Aerial; 5, Jigger; C,C, Connections to Coherer Circuit ; 

transformers are ^, Earth ; /C, Condenser ; F, F, Leads to Relay Circuit. 

shown in Fig. 27. 

It will be seen that these receiving transformers, or 
jiggers, as they are frequently called, are of, thee same 
type as Tesla's ^high frequency transformer. The latter 
is, however, constructed of thick wire, while the former 
are only successful when made of exceedingly fine wire. 

These improvements so greatly increased the sensibility 
of the receiver that distances of over a hundred miles were 
possible with a transmitter of the same power as had pre- 
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viqusly been necessary for communication at ten or fifteen 
miles. 



Lodga — Sir Oliver Lodge, in 1897, took out a patent for 
a " syntonic " system of wireless telegraphy, based directlj^ 
on his own work on the discharge of Leyden jars, and on 
Hertz's experimental results. The transmitter consisted of 

two large cones of 
sheet metal placed 
with their axes in a 
vertical line, and 
having a spark-gap 
between their apices. 
In another form of 
transmitter, a single 
metal sphere sepa- 
rated by small spark- 
gaps from the ter- 
minals of an induc- 
tion coil, was used as 
radiator. Both types 
produced direct 
Hertzian radiation, 
the latter giving 
waves of very high 
frequency. The 
spherical oscillator 
was partially enclosed 
in a copper cylinder, 
open at one end, in 
order that the rays 
might be condensed 
in one direction. The receiver, for use in connection with 
the large cones, consisted of two similar cones connected 
through the primary of a small transformer, the secondary 
of which was connected to the coherer circuit. The dimen- 
sions of the transmitter and receiver were adjusted to give 



Fig. 28.— Loix;e's Syntonic System, 
Principal Conductoks. 

St Spark-Gap ; T, Receiving Transformer ; 



, Leads to Coherer. 
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equifrequent natural vibrations and therefore . resonance. 
No earth connection was made, as it was desired that the^ 
transmission should be purely by means of free radiations. 
The early conical form of radiator has now given place to the 
•horizontal conductors shown in Fig. 4. Stations in which 
this latter arrangement has been adopted are now working 
in various parts of the world. 

The systems of which we have just sketched the de- 
velopment, may fairly be said to form the fundamental 
basis of all more recent work in this branch of electric tele- 



W^.T.. 



^MW^-GEHQE 



E. 



Fig. 29.— Slaby Receiving Station, Principal Conductors, Double Earth 
Connection. 
>f, Aerial Wire ; i?,, Jf,, Earth Connections; Z-, Inductance; C, Coherer. 

graphy. Innumerable inventors have tackled the subject, 
the result being an ever-increasing crop of patents, of which 
already some four or five hundred have been granted in 
this country alone. Many of these are, of course, for trifling 
changes or for "improvements" long since discarded by 
the foremost workers in the field, but a large residue consists 
of devices which are or may be of real value. 

The experimental work, for instance, of Professors Braun 
and Slaby, and of Count Arco, cannot be passed over 
without notice ; particularly as its results are now embodied 
in the patents of the German Gesellschaft fur Drahtlose 
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Telgraphie, under the name of the "Telefunken " system. 
This company works in conjunction with the official 
services in Germany, and has probably a larger number of 
stations than any other in existence. It was reported at 
the annual meeting in 1905, that 518 installations had 
been erected. 

The Slaby-Arco was apparently the first system in 

which an aerial wire con- 
nected to both terminals of 
the induction coil was used. 
The wire was arranged in 
the shape of an arch with a 
spark-gap at the lower end 
of one side. If the two 
sides of the arch be of 
equal electrical dimensions, 
no radiation takes place ; 
but if the capacity or in- 
ductance of one be con- 
siderably greater than that 
/^r\ \<"^ of the other, the circuit is 

/ ^1 j^ZH^ 1 unsymmetrical and be- 

■V ^ S\ / ^ comes a good radiator. It 

is an advantage to connect 
one of the terminals to 
earth. A somewhat similar 
aerial is employed by 
Maskelyne. This type of 
aerial has some advantages 
over a single wire, but is 
at the same time more troublesome to erect. It appears 
to be no longer in general use. Another method em- 
ployed by Slaby was to use one aerial wire, but two earth 
connections ; these were connected by a wire through the 
receiver. The receiver is in this case tuned by the insertion 
of an inductance in series with it, and only responds to 
waves of a certain frequency. Atmospheric disturbances 




Fig. 30.— Microphone as Detector in Con- 
junction WITH Tei^phone. 

M, Microphone; B, Battery; ^, Aerial Wire; 
£, Earth. 
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do not disturb it unless they are exceedingly violent, nor 
do transmitters of a different frequency.* 

For transmission, the spark-gap between the terminals 

of the induction coil is at the middle of the horizontal wire, 

one end of which is earthed through a condenser and 

inductance, while the other is connected to earth through 

an inductance only. In cases where a record of the 

message is not required, a combination of microphone and 

telephone forms a very sensitive receiver. The microphone 

acts, as Hughes showed, as a coherer, and the click pro- 

duq^ in the telephone renders the signal audible. A 

telephone in conjunction with some type of high frequency 

current detector is used in many modem systems — among 

others by Marconi, with his magnetic detector ; by Fessenden, 

with an electrolytic responder ; and by De Forest and 

many more in connection with various species of coherers 

or microphones. 

* Slaby, ** Fortschritte der Funkentelegraphie," Zciischr. des Vereines 
Deutscher fngenienre, July 27, 1 90 1. 
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CHAPTER III. 

APPARATUS USED IN THE PRODUCTION OF 
HIGH FREQUENCY CURRENTS. 

The methods of producing currents suitable for the trans- 
mission of electrical energy over the earth's surface without 
the use of a return wire, />., without any wire at all 
between the stations, have been sketched in Chapter II. 
It is now necessary to describe in some detail the types 
of apparatus which are employed for this purpose. It is 
clear that as there is no return wire the only practicable 
way of distributing the energy necessary to telegraphy is 
by means of alternating currents. Since the energy trans- 
mitted depends both on the current and voltage, it is 
necessary, in order to avoid the use of excessively large 
capacities, to obtain large currents while using small 
quantities of electricity by increasing the rapidity of the 
motion of the electricity. High frequency of alternation 
and high voltage are therefore employed almost universally 
in wireless telegraphy. 

In an alternating current generator of the usual power 
station type the number of alternations per second is 
governed by the number of pole pieces and the rate of 
revolution. For electrical and mechanical reasons it seems 
impossible to increase either of these quantities indefinitely, 
as the losses from eddy currents and hysteresis become 
very great, and there is also danger of the machine flying 
to pieces from the high speeds necessary. Mr Tesla in 
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1893 obtained a current of several amperes at frequencies 
of from ten to thirty thousand periods per second ; ten years 
later Mr Duddell constructed a generator which gave about 
a tenth of an ampere, the frequency being 120,000 periods 
per second. Great as these frequencies are, they are still 
hardly high enough for working effectively with the com- 
paratively small capacities which are convenient in wireless 
telegraphy; frequencies ten or a hundred times as great 
are more suitable in almost ever>' case. 

The accompanying illustration (Fig. 31) shows a gene- 



Fu;. 31. 

rator constructed by Mr Tesla in vertical cross-section, 
with some details. As will be seen, the machine comprises 
an annular magnetic frame, the interior of which is pro- 
vided with a large number of pole pieces D. Owing to the 
very large number and small size of the poles and the 
spaces between them, the field coils are applied by winding 
an insulated conductor F zigzag through the grooves, as 
shown, carrying the wire around the annulus to form as 
many layers as is desired. In this way the pole pieces D 
will be energised with alternately opposite polarity around 

D 
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the entire ring. For the armature, Mr Tesla employs a 
spider carrying a ring J, turned down, except at its edges, 
to form a trough-like receptacle for a mass of fine annealed 
iron wires K, which are wound in the groove to form the 
core proper for the armature coils. Pins L are set in the 
sides of the ring J and the coils M are wound over the 
periphery of the armature-structure and around the pins. 
The coils M are connected together in series, and these 
terminals N carried through the hollow shaft H to contact- 
rings P P, from which the currents are taken off by brushes o. 
In this way a machine with a very large number of poles 
may be constructed. It is easy, for instance, to obtain in 
this manner three hundred and seventy-five to four hundred 
poles in a machine that may be safely driven at a speed of 
fifteen hundred or sixteen hundred revolutions per minute, 
which will produce ten thousand or eleven thousand 
alternations of current per second. Arc lamps R R are 
shown in the diagram as connected up in series with the 
machine. 

To produce such currents, the fact that if a condenser 
be discharged through a circuit of low resistance the 
current is not continuous but oscillates to and fro a number 
of times before dying out, has also been made use of. To 
obtain the high voltage necessary to charge the condenser, 
two methods are available. The first is to use an electro- 
static machine ; but on account of the small output of even 
a large machine, this method has not been used in practical 
telegraphy. The second method consists in transforming a 
current of low voltage into one of very high voltage by 
means of some type of induction coil or transformer. In 
the induction coil an intermittent unidirectional current in 
the primary coil induces an alternating current of high 
voltage in the secondary. On making the primary circuit 
the current in it increases comparatively slowly, inducing 
a reverse current in the secondary of low voltage, since this 
depends directly on the rate of change of current in the 
primary. On breaking the circuit the primary current 
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ceases almost instantaneously, thus inducing a momentary 
c urren t of high^ voltage in the secondary. It is this current 
which in the simpler systems of wireless telegraphy is used 
to charge the aerial wire up to the voltage at which the 
electricity sparks across the gap to the earth wire. A 
frequency of one or two thousand interruptions per second 
is the maximum which has been as yet attained, hence 
the current in the aerial consists of short trains of oscil- 
lations of very high frequency following one another at 
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Fig. 3a.— Action of an Induction Coil. 

Horizontal Distance represents Time. Vertical Distance, Current. The full line represents 
Current in Primary, and the broken line the Current induced in Secondary. 

comparatively long intervals, />., each train of waves 
may occupy unnnny of a second, while the interval before 
the next commences may be -^^j^ of a second, thus the 
blanks may be a hundred times as long as the active 
periods. 

Many improvements have been made during the past 
few years in the construction of the induction coil, the 
most important being due to the recognition of the fact, 
which Tesla pointed out in 1893, that the best results can 
only be obtained if the natural periods of oscillation of the 
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primary and secondary circuits have some simple relation 
to one another. To attain this end it may be constructed 
so that the electrical dimensions of the two circuits should 
be such as to give the same frequency of vibration. This 
can be done by properly adjusting the capacity and in- 
ductance of the circuits so that the square roots of the 
products of these quantities for each circuit are equal. 
One of the most successful pieces of apparatus for this 
purpose is the Grisson interrupter and resonance coil. 
Electrolytic condensers are used in order to obtain large 
capacity with moderate sized apparatus, and a revolving 
commutator controls the circuits so that the break takes 
place at a moment of zero voltage, while the circuit is made 
when the conditions are such that an instantaneous rush of 
current takes place through the primary. This interrupter 
therefore appears to act on the rapid rise of the current 
instead of on its fall as is usual in other apparatus for a 
similar purpose. Electrolytic interrupters of the Wehnelt 
type have come into use recently, their nominal advantage 
being that their rate of sparking is about ten times as great 
as that of the hammer break ; they are also more easily 
kept in order than any form of break in which mercury is 
used as an electrode. The increased spark frequency 
may be of use in Rontgen ray work, but it is quite 
unnecessary and may even be harmful in wireless tele- 
graphy. The Wehnelt interrupter consists of a glass cell 
containing weak acid, in which are placed two electrodes. 
One of these, the anode, is a small platinum point, the 
other is a large lead plate. Its action is discussed in 
Chapter VII. 

It is fallacious to suppose that a very high rate of 
sparking, such as that given by the Wehnelt break, is 
necessary for rapid telegraphic work. For speeds much 
higher than those generally attained in wireless telegraphy, 
interruptions at the rate of about lOO per second, as given 
by the hammer break, are quite sufficient Thirty words a 
minute, which is considered rapid on any system of tele- 
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graphy when the sending is done by hand, means the letter 
V repeated 150 times in one minute. Now V, on the 
Morse code, is represented by three dots and one dash. In 
order to transmit this letter correctly, only about ten 
sparks, or rather vibrations of the hammer, are required ; 
one for each dot, three or four for the dash, four more 
w^hich might have occurred during the blank spaces had 
the letter been a different one. Now 150 Vs per minute 
is 2.5 per second, hence we require 25 sparks per second. 
So with 100 sparks per second, as may be given by the 
hammer break, we have four times as many as are necessary ; 
a factor of safety of four. As a matter of fact, the author 
has received correctly Vs sent at the rate of 60 words — 1>., 



^fW^ 



4/Wv 



A/>* ^\p^ ^^\P^ ^y^ 



Fig. 33.--TYPKS OF Waves Radiated. 

Af Wave trains of considerable amplitude; B^ Wave trains of lefts amplitude occurring 
ore freanently. A is generally more useful than B. (y.B.—The actual intervals between 
wave trains are much longer in comparison to the length of the train than those shown.) 



300 Vs — per minute by an automatic key in series with an 
ordinary hammer break. It is essential to good trans- 
mission that every spark should be a good one, but the 
number is of less consequence. The reason for this is, that 
almost all detectors depend for their action on the maxi- 
mum voltage or current received, and not on the integral 
current as read on an instrument ; and the increase of fre- 
quency of sparking does not affect either the maximum 
voltage or maximum current, but merely increases the 
integral current Increase of sparking rate, beyond a 
certain value, must be definitely disadvantageous, since the 
time required for the core of the coil or transformer to go 
through its cycle of magnetic changes, is by no means 
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infinitesimal ; and at high frequencies the hysteresis and 
eddy current losses become very great. 

One advantage of the hammer break, which certainly 
counterbalances some of its disadvantages, is the ease with 
which two important adjustments may be made. These 
are (i) the rate of vibration, and, which is more important, 
(2) the duration of the contact. By the mere turn of a 
screw, the length of time during which the current is flowing 
in the primary, and therefore the maximum magnetic 
induction in the core can be regulated to suit the load. 
The chief disadvantage is the rapidity with which the 
contacts wear when heavy currents, are used, and the fact 
that it is impossible to use more than about 25 volts with- 
out producing arcing. 

Mercury breaks are of two types ; in the older form 
mercury in a small dish is connected to one electrode, while 
the other is attached to a plunger which dips into the 
mercury and is periodically withdrawn by a reciprocating 
mechanism. This form is practically obsolete. In more 
modern breaks, one electrode is a jet of mercury driven by 
a turbine pump against a species of revolving toothed wheel 
which is connected to the other electrode. The teeth are 
tapered, so that by adjusting the position of the jet which 
plays against them, longer or shorter contacts may be made. 
The chief disadvantage of this type is, that the mercury 
becomes churned up with the petroleum or other insulating 
liquid in the jar, and rapidly forms a sticky mess which 
must be periodically cleaned out and purified. In a labora- 
tory, with conveniences for chemical work, this is not a 
serious drawback, but in a wireless telegraph station — 
possibly one room in a cottage, many miles from even a 
village — it is a great objection, especially as while the 
apparatus is being cleaned, there is no possibility of answer- 
ing a call, or of sending an urgent message. For these 
reasons, mercury breaks have not entirely superseded the 
other forms of interrupter mentioned, though they have 
frequently been used on account of their uniformity of 
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action for short periods ; />., before the mercury and oil 
have become appreciably mixed. 

In wireless telegraph stations, where continuous current 
is used, the interrupters in most general use are the hammer 
and the mercury turbine, but interrupters are being dispensed 
with entirely in many stations by the adoption of alternate 
current machinery. In the earlier stations the source of 
electric energy was usually a battery of, say, fifty large dry 
cells, used perhaps in combination with a portable accumu- 
lator. Nowadays it is more common to have a small oil or 
petrol engine and alternator in conjunction with some high 
tension transformers, instead of a battery and induction 
coil. The frequency of the alternator is not related to the 
frequency of oscillation, and only indirectly to the number 
of sparks per second. The actual rate of sparking is not in 
general exactly twice the frequency of the alternator, as 
might have been expected from the occurrence of a positive 
and a negative maximum each period, but may be much 
greater ; in fact, there may be as many as ten sparks per 
alternation. This is probably due to electric surging in the 
circuit ; i,e., oscillations of shorter period superposed on the 
wave given by the alternator. The phenomenon depends 
on the induction in the leads from the transformer to the 
spark-gap and the capacity charged. Inductance must be 
introduced in these leads, otherwise an arc would be formed 
which would be useless for the creation of jigs. Inductance, 
however, checks the supply of current when the spark has 
commenced and the dropping of the voltage causes its 
sudden but oscillatory extinction. The phenomenon may 
thus occur several times during each period of the alter- 
nator. This subject has been investigated by Professor 
Fleming, by means of an ingenious spark counter which he 
has devised for the purpose.* 

In stations f*un by alternating machinery the current is 
generated at a low voltage, and is transformed to the very 

♦ "Electric Wave Telegraphy," p. 157, J. A. Fleming (Longmans). 
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high voltage necessary by means of one or more trans- 
formers. These must have high ratios of transformation, 
and of course very good insulation. A potential of about 
30,000 volts or more is common in such work, though some 
inventors, notably Professor Fessenden, are understood to 
be using lower voltages. 
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CHAPTER IV. 

DETECTION OF SHORT -LIVED CURRENTS 
OF HIGH FREQUENCY BY MEANS OF 
IMPERFECT ELECTRICAL CONTACTS, 

In order to detect the existence of oscillatory currents in 
the circle of wire which he used as a resonator, Hertz made 
a small break in the continuity of the conductor and ob- 
served the sparking which took place there. This method is 
obviously not a very sensitive one, as a considerable voltage 
must exist across the gap before a spark will pass, even if 
the gap be very small.* No practical system of telegraphy 
could therefore be based on the use of so insensitive a 
detector. 

Ordinary telegraphic instruments are totally inapplic- 
able to the detection of high frequency currents, since even 
the most sensitive requires that a unidirectional current 
should pass through it for about ^^ of a second before it 
will act. The currents employed in wireless telegraphy are, 
however, oscillatory, and last perhaps, ^qq^^qq of a second ; 
to detect them it is thus necessary to use an instrument 
which will be actuated by a current lasting only the 200th 
part of the time required by an instrument suited to wire 
telegraphy. And again, the fact that the currents are oscil- 
latory prevents the employment of the electro-magnets which 
are so general in apparatus for wire telegraphy. Even the 
telephone is unsuitable because of its inductance and also 

* See Tables, Chapter XXI. 
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on account of the inability of the ear to detect tones of very 
high frequency. 

For wireless telegraphy therefore, not only was a new 
type of transmitter requisite, but also an entirely new 
method of detecting the transmitted currents and so receiv- 
ing the signals. 

The first practical detector of oscillatory currents of high 
frequency was the loose contact between conductors named 
by Hughes the microphone, and shown by him to have the 
power of detecting both mechanical and electrical vibrations. 
If the loose contact be between two pieces of carbon, the 
change in resistance is only momentary, the effect is there- 
fore not detectable on a galvanometer, but is easily observed 
by means of a telephone since the latter is so much more 
rapid in action. With metallic contacts a permanent change 
of resistance takes place which may be indicated by a galvo- 
meter or any type of telegraph instrument in circuit with 
the loose contact and a local battery. The contact does not, 
however, restore itself to it soriginal state of sensibility 
automatically but remains cohered, or welded, until the 
pieces of metal are separated by mechanical force. The 
actual force which must be applied in order to separate two 
pieces of metal which have been electrically cohered has 
been measured by Dr P. E. Shaw.* 

Coherers consisting of only two conductors in loose con- 
tact have the disadvantage of being very easily disturbed 
by mechanical vibration, and are thus unreliable and of little 
use for telegraphic purposes. The carbon microphone has, 
however, been used by Braun and others with considerable 
success as a detector. 

The sensitiveness of the loose contact to the action of 
electric currents was rediscovered by Calzecchi-Onesti, 
Lodge, and Branly. The last named employed the form 
which has been developed into the coherer of practical tele- 
graphy. Branly's tube had an electrode at each end, and 

* PhiL Mag. March 1901 and August 1904. 
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was filled with a quantity of fine metal filings. The un- 
certainty of a single point contact was thus obviated and 
the disturbing effects of mechanical vibrations were mini- 
mised. In its original form its action was somewhat erratic 
at times ; Marconi has, however, developed from it an instru- 
ment which, when properly treated, is as reliable in its 
action as any other telegraphic apparatus. Early experi- 
menters spoke of the coherer as delicate and unreliable — a 
criticism which was in reality a confession of ignorance of 
its proper construction and conditions of use, and though 
for some purposes it has been superseded by magnetic and 
other detectors, it is still in use at a great number of stations 
of various companies. Mr Marconi reduced the size of the 




Fig. 34.— Marconi's Form op Coherer. 

tube until the space containing the filings was merely a 
small disc-shaped cavity less than a millimetre long and 
about five millimetres in diameter between two silver plugs. 
The filings filled only about one-third of the cavity and 
consisted chiefly of nickel, a trace of silver being added 
to increase the sensibility, and the tube contains a partial 
vacuum. 

At the author's suggestion the filings were sifted through 
pieces of fine silk gauze to obtain uniformity in size. 
This construction was of course only arrived at after many 
experiments with tubes of other dimensions and containing 
filings of many other metals. The advantage of the coherer 
for wireless telegraphy is that it remains cohered until the 
filings are shaken up again. The momentary oscillatory cur- 
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rent thus records itself in a permanent reduction of the resist- 
ance of the coherer, which continues so long as the tube is 
not shaken. The introduction of the coherer in the path of 
the oscillatory currents therefore provides a means by which 
any ordinary telegraphic instrument can be actuated, and 
will respond only on the arrival of oscillations at the coherer. 
The coherence lasts while the current from the local battery 
flows through the circuit and causes the telegraph instru- 
ment to indicate its presence. If the effect on the coherer 
had been merely transient instead of semipermanent, it 
would not have been possible to use a recording telegraph 
instrument, or indeed any kind of apparatus whose action 
is controlled by electro-magnets. 

Since the coherer does not return to its original sensitive 
state automatically, it is necessary to arrange that it should 
be shaken immediately after a signal has been recorded. 
This of course involves the use of a mechanism which acts 
in conjunction with the recording instrument and ad- 
ministers a tap to the tube sufficient to decohere the filings. 
The complete receiver is thus somewhat more complicated 
than if a self-restoring detector were used, but it has the 
advantage that it is capable of producing a permanent 
record, on a Morse tape, of the signals received. Where 
a self-restoring detector is used the signals must as a 
rule be read by the sounds they produce in a telephone 
receiver. 

Though many variations have been proposed by various 
experimenters, the utility of the type of filings coherer 
designed by Mr Marconi, is proved by its continued use at 
the stations of many companies in Europe and America. 
The mode of action of the filings coherer has been the sub- 
ject of much discussion. Many of the earlier experimenters 
appear to have fallen into the curious logical fallacy of 
supposing that because electric waves caused coherence 
they were therefore essential. The fact is that the only 
necessary condition is that a certain voltage be applied to 
the tube of filings ; whether it be oscillatory or continuous 
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is prob ably a matter of indifference. If a slowly but con- 
tinuously increasing voltage be applied to the terminals of 
a coherer, its resistance will diminish just as rapidly, when a 
certain point has been reached, as if electric waves had 
arrived. After all, electric waves are m erely r apid changes 
of potenti al, a nd it is not the rapidity which causes co- 
herence but the di fferenc e of potential. At my suggestion 
Dr W. H. Eccles made a very thorough experimental in- 
vestigfation of the subject, and found (as I had always 
supposed) that oscillations have nothing to do with the 
matter, />., that they are by no means essential to coher- 
ence. His results are so important both from the theo- 
retical and practical points of view, that I shall later on 
quote somewhat fully from his paper. 

In Faraday's well-known method of showing the lines of 
force of a magnet, small particles of iron form chains when 
placed in a magnetic field. If they are lying on a com- 
paratively rough surface, such as paper, gentle tapping, 
which lifts them momentarily into the air and thus allows 
them to set themselves freely along the line of force, facili- 
tates the action. Robertson has shown that small conduct- 
ing particles, such as sawdust, behave in an exactly similar 
manner under the influence of electrostatic force. Their 
ends become charged, and as the ends of neighbouring 
particles, in the direction of the force, are oppositely charged, 
they attract one another and form conducting chains. The 
final result is a greater conductivity in the whole mass. It 
is important to note, from a practical point of view, that 
intermittent mechanical shocks facilitate the formation of 
chains, just as in Faraday's experiment. This explains the 
well-known influence of the adjustment of the tapper in a 
wireless telegraph receiver. 

I have noticed that if the voltage in the local circuit of 
a coherer be increased to a certain point by means of a 
potentiometer arrangement, the sensitiveness of the appa- 
ratus is much increased. If the steady potential applied 
be nearly large enough to cause coherence, the slightest 
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rise, due to the waves, is sufficient to determine the 
result. 

With this preliminary I shall now quote from Dr Eccles* 
paper.* 

" Preliminary. 

"The investigation described in the following pagesf 
was commenced early in 1900 with the object of revising 
what was then known of the relative influences of oscillatory 
and of steady P.D.s in promoting coherence in filings 
coherers. It was hoped that evidence might be obtained 
which would decide definitely whether the action of elec- 
trical vibrations was in character different from or similar 
to that of steady E.M.F.s. The importance — from several 
points of view — of this discrimination is manifest ; and that 
the difference, if any, has not, up to the present, been pointed 
out, nor, if non-existent, been proved so, is shown by an 
examination of the published records of the research on the 
subject 

" Many observers have assumed or have suggested that 
the events leading to coherence among a mass of particles 
were identical in the two cases mentioned. They have 
often expressed this assumption implicitly by postulating 
electrostatic attractions between the particles. To go a 
long way back — in 1870 — Varley, in describing to the 
British Association Meeting his lightning protector for 
telegraphic apparatus, suggested that the bridging over 
of the gap resulted from the electrostatic attractions pro- 
duced by large E.M.F.s among the particles of the con- 
ducting powder placed between the terminals. Even 
earlier, in 1850, Guitard made similar remarks regarding 
his experiments on dusty air. And since then, other 
experimenters working on our or on kindred subjects 
have given similar vaguely expressed views. Again, 

♦ Electrician^ August 23 and 30, 1901, by kind permission of the 
publishers. 

t Many of the tables accompanying this article were obtained from 
coherers forming part of the stock of the Marconi Company. It is 
only by the company's kind permission that the writer is now enabled 
to publish them.— W. H. E. 
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Branly, in his classical paper,* having observed that the 
application of the E.M.F. of a battery of mercury sulphate 
cells produced conductivity in a mass of filings, and that 
the effects so produced were identical with those caused 
by the incidence of electric radiation on the filings, there- 
fore asserted that the effect in both cases was one of E.M.F. 
merely. This view of the matter seems to have been 
accepted tacitly by many subsequent workers. But in no 
case has special care been taken by experimenters to avoid 
the creation in the coherer circuit of electrical disturbances 
of an oscillatory character. So that it is at present, to 
the author's knowledge, the opinion of several eminent 
authorities that the electrical surgings set up in the coherer 
circuit on the sudden establishment of a connection with a 
source of E.M.F. — as by any ordinary contact device used in 
conjunction with a battery — play an important part in the 
production of coherence. The exact function fulfilled by 
such electrical surgings has by no one been exactly out- 
lined, but it is probably imagined by most to consist in a 
modifying of the mechanical arrangement of the particles. 
Such an action was broadly indicated by Lodge in the 
general case of a filings coherer submitted to electro-magnetic 
radiation when he spoke in iSggf of the washing of the 
ether waves round the particles aiding their orientation. 

"With regard merely to this question of movements 
among the particles, considerable divergence of opinion 
has, apparently, always existed. Of course, the effect of 
tremors in assisting coherence and of shocks in destroying 
it has been noticed by all observers, and has, by the majority, 
been ascribed to actual relative motions among the particles. 
Calzecchi, in 1884, used a mass of filings heaped between 
two brass plates in series with a cell and galvanometer as a 
tremor detector, and noticed J that even sounds affected 
the conductivity of the mass. He calls the arrangement, 
indeed, a * microseismic indicator.* On the other hand, 
Branly, § led by his experiments on compressed masses of 
filings and on filings embedded in blocks of resin, in intro- 
ducing his theory, postulates that motion of the particles 

♦ La Lutnilre Electrique^ May and June 1891. 
t Royal Institution Lecture, February 24, 1899. 
\ Nuovo CimeniOy September 1897. 
S La Lumi^re ElectriquCy June 1891. 



Digitized by LjOOQIC 



64 WIRELESS TELEGRAPHY. 

is impossible. Pasquini * recommends the greatest possible 
freedom of motion for the particles. Aronsf finds that 
Canada balsam, which must of necessity greatly hinder the 
motion of the particles, did not interfere with the efficiency 
of the coherer's action. Several observers have investigated 
the effect on conductivity due to the agitation caused by 
sound waves. But Branly,J in 1898, still recommends com- 
pression in using filings coherers. Tommasina,§ however, 
in 1899, and SundorphH and MalagolilF in the same year, 
demonstrated the formation of lines or chains of filings ; 
and these lay stress on the occurrence of motion among 
the particles. 

"During the past year (1901) little has been added to 
our knowledge of the action of unidirectional E.M.F.S on 
filings coherers. In April, however, while the author was 
engaged on his experiments, Blondel and Dobkevitch 
communicated ** the results of their investigations. They 
had found that different coherers submitted in turn to 
gradually increased E.M.F.s cohered respectively at voltages 
which approximately indicated their sensitiveness. TJiey 
called that P.D., which, steadily applied, produced coher ence, 
the 'critical voltage.' They pointed out that for the 
purposes of wireless telegraphy the E.M.F. of the battery 
in the coherer-relay circuit (plus possible E.M.F.s due to 
the inductance of the circuit) must not exceed this critical 
value, and that the E.M.F. added by impinging waves 
should enable the critical value to be passed. The present 
writer, however, shows in this article that the coherers with 
which he worked— and they were of considerable number 
and variety — gave * critical voltages' which were very 
indefinite, these being dependent, as they seemed, on the 
tremors to which the coherer, being examined, was liable, 
even under the best working conditions. Moreover, it will 
also be here shown that there is no true * critical voltage,* 
the degree of coherence produced by even the smallest 

♦ Num'o Cimento^ March 1898. 
+ Wied, Ann, No. 7, 1898. 
X Comptes Rendusy December 26, 1898. 
S Ibid. May 15, 1899. 
!| Wied, Ann, No. 7, 1899. 
IF Nuovo CimentVy October 1899. 
** Comptes RenduSy April 23, 1900. 
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practicable E.M.F.s being perfectly measurable with an 
instrument of suitable sensitiveness. It will be seen that 
exact information on the various questions which arise in 
connection with the filings coherer is scanty in the extreme. 
Much more attention has been paid to the single-contact 
coherer. But as this article deals only with coherers made 
with filings, it is not necessary to revise the work which has 
been carried forward on the more carefully studied part of 
the subject. 

" The phenomenon of coherence, whatever it may consist 
in — whether it is, as Lodge affirms, a welding together of 
the two surfaces in pseudo-contact, a reaching of the forces 
of cohesion across the separating space ; or whether it is, 
as Branly considers, a modification of the dielectric occupy- 
ing the minute space between the conductors concerned ; 
or, as Bose has proposed, an effect depending on allotropic 
change in the material of the conducting particles ; or, as 
others believe, one depending on the existence of surface 
films of condensed gases or moisture — this phenomenon of 
pure coherence is, in all probability, greatly disguised and 
complicated in a filings coherer by the preliminary and 
purely mechanical actions of the particles. That the 
phenomenon of coherence proper, then, cannot be advan- 
tageously studied amid these probable complications, need 
scarcely be pointed out. This view of the case seems also 
to the writer to account in a great measure for the extra- 
ordinary conflict of opinion which has obtained, since 
Branly's discovery, with regard to various qualities, such 
as the relative sensitiveness, of coherers made with filings 
of different metals. To cite only a few cases, it is notable 
that Marconi, in his patent specification of March 1897, 
states that he uses a proportion of silver filings to increase 
the sensitiveness of his nickel coherers, and that the con- 
tinued addition of silver greatly increases the sensitiveness ; 
while Lodge,* in the same year, remarked that the noble 
metals are not suited for coherers. Dorn,f in 1898, con- 
firmed Lodge, and with the noble metals placed nickel, 
adding that only oxidisable metals are sensitive. Branly J 



* Electrician^ voL xl. p. 87. 

t Wied, Ann, No. 9, 1898. 

I Comptes Rendus^ December 26, 1898. 
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then announced that, on the contrary, the noble metals are 
extremely sensitive ; and Blondel and Dobkevitch, in their 
paper quoted above, seem to agree with Branly when they 
state that the less oxidisable metals give lower * critical 
voltages.' 

" Such confusion has arisen, the writer believes, out of 
the great complexity of the numerous conditions which 
influence the mechanical and electrical behaviour of the 
filings in a coherer. These conditions may be seen to be 
dependent, broadly, on the state of rest or of motion of the 
particles and on their relative positions at the moment of 
coherence; on the nature, probably, of the material of 
which the filings consist ; and on the size and shape of the 
filings. Evidently the size and shape of the particles each 
depend on the manner of production — that is, on the kind 
of file used and the mode of using it, and must also be, for 
different substances, to some extent dependent on the 
elasticities, the tenacity, and other properties of those sub- 
stances. The mechanical circumstances alone are thus 
extremely involved. But to co-ordinate the experimental 
data accumulated by the author it was early found neces- 
sary to construct a working theory. This theory — which 
is sketched later — springs naturally from the results of the 
first few series of experiments. That these experiments 
were necessary for the framing of any hypothesis intended 
to correlate the movements of the particles with the E.M.F.S 
applied is evident. For, if oscillatory discharges were 
proved necessary for efficient coherence— that is, in the 
light of Tommasina's experiment for the formation of 
numerous chains of cohered particles — then the effect on 
the movements of the particles of displacement currents in 
the dielectric must be taken into account ; while if, on the 
contrary, steady E.M.Rs were shown sufficient, then other 
electro-mechanical connections must be proposed. 

" Experimental, 

" To confirm or correct and to amplify the very meagre 
information available on the effects of steady E.M.F.S on 
filings coherers the following experiments were projected 
during the spring of 1900. They were made possible by 
the kindness of Dr J. Erskine-Murray, F.R.S.E., in whose 
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laboratory they were commenced, and whose advice and 
assistance the writer had the good fortune to have always 
at call during the first phase of the work. The plan pro- 
posed was to submit to the influence of a steadily increased 
P.D. each of a large number of coherers of known degrees 
of sensitiveness, and to observe at what E.M.F. (if any) 
coherence was produced. Through Dr Murray's kindness, 
the writer had access to a very large stock of coherers which 
had been tested by the use of signals received on an air- 
wire, and whose general character and whose sensitiveness 
were fairly well known. 

" These coherers were submitted to E.M.F.s supplied by 
a potentiometer arrangement. To avoid the possibility of 
abruptness in the changes of potential, a copper-sulphate 
solution potentiometer was adopted. This consisted 
merely of a long graduated glass tube containing dilute 
copper-sulphate solution, with one movable and two fixed 
electrodes. The fixed electrodes were of copper, and intro- 
duced and led away respectively the main current supplied 
by a battery of 10 volts. The movable electrode was also 
of copper, but was exposed to the electrolyte only at its 
extremity, the shank by which it was moved being insulated. 
Its position was read on the graduations of the tube, the 
value of the graduations in volts being roughly found by a 
separate experiment. One of the fixed electrodes (earthed 
as a rule) and the movable electrode formed with the inter- 
vening electrolyte a portion of a circuit which also included 
a moving coil galvanometer, a resistance of 12,000 ohms, 
and the coherer which was to be examined. By this means 
could be applied to the coherer a gradually increased 
E.M.F., ranging from zero to 10 volts, and that in so 
gradual a manner that there arose no probability of the 
creation of electrical surgings in the circuit external to the 
coherer. It might be added that a very few preliminary 
experiments showed the advisability of including in the 
coherer circuit a high resistance: its inclusion prevented 
the passage of any current considerable enough to damage 
the coherer. The coherers used were all of one type, were 
made by the same man from the same materials, and con- 
sisted of nickel filings between silver electrodes about 
0.3 mm. apart, sealed in a vacuous glass tube. 

" In every case coherence was found to take place with 
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suddenness. Immediately coherence was indicated by the 
violent throw of the galvanometer mirror, the main current 
of the potentiometer was switched off and the position of 
the movable electrode read on the glass tube and recorded. 
Then the coherer was restored to its normal condition of 
high resistance by gentle tapping continued for a few 
seconds and the experiment repeated. It was found that 
the E.M.F. required to cohere the same tube varied as much 
as from 20 to 60 per cent on successive occasions. The 
movement of any occupant of the room below affected the 
value of the figure obtained appreciably, while gentle 
agitation of the tube usually ensured coherence at quite low 
voltages. The effect of rougher shocks was, as Branly 
and others had shown previously, very irregular, and, as 
observation of the galvanometer mirror indicated, sometimes 
took the form of a rapid succession of coherences and 
decoherences. As regards the behaviour of different 
coherers all exposed to identical circumstances, it was 
found, even when the greatest efforts were made to protect 
the tube from mechanical disturbances, that no law could 
be proposed to connect the E.M.F. at which coherence 
occurred with the sensitiveness as ascertained by testing 
on an air-wire — excepting in those two extreme cases in 
which the coherers were either extremely sensitive or 
extremely inert as regards signalling. In these two cases, 
indeed, low P.D.s for the one (from o.i to 0.5 volt) and 
high P.D.S for the other (from 6 to 10 or more volts) were 
the rule. In the case of very sensitive tubes the move- 
ments of the galvanometer mirror were extremely erratic 
at about the cohering voltage. No external cause could 
be definitely assigned to account for these vagaries, but 
they perhaps arose from mechanical disturbances originated 
at a distance and transmitted through the walls of the 
building to the apparatus table. A selection of the figures 
obtained is given in Table I. Each figure is the mean of 
three distinct observations obtained under circumstances 
as similar as possible. With these figures may be com- 
pared the results of independent tests made for commercial 
purposes on each coherer by examining its behaviour in 
receiving signals transmitted from a distant station. 
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"Table L 





Cohering Voluge. 


Character of Coherer by Radiation 
Test. 


Liquid 
Potentiometer. 


Wire 
Potentiometer. 


A. Too sensitive - - - -l 

B. Very sensitive 

C. Moderate - -I 

D. Hard | 

E. Very hard - - . - 1 

F. Too hard - - - - 1 


0.05 
0.2 

0.6 
2.0 
0.4 

I.I 

0.3 
4.2 

r 


0.15 
O.I 

0.8 

1.2 
1.2 
41 
0.7 
3.6 

0.5 
5.0 

10 + 

8 



"The liquid potentiometer was now discarded and a 
simple form of wire potentiometer installed in its place. 
The experiments outlined above were repeated on the same 
coherers, continuous contact between the slider and the 
potentiometer wire being purposely avoided. It will be 
seen from Table I. that figures were obtained which, 
allowing for the known aberrations, were for each coherer 
similar to those obtained with the electrolytic potentio- 
meter. 

" So far, on the whole, mere confirmation of the results 
of other observers had been obtained. But now, it may be 
admitted, all doubts as to the possibility of coherence by 
the application of absolutely non-oscillatory E.M.F.s had, 
by the use of the liquid potentiometer, been removed. 
Moreover, it was now fairly well established that any 
electrical surgings produced by sudden connection with the 
source of E.M.F. had little or no influence in compelling 
coherence beyond that which their maximum voltage gives 
them. In other words, it appeared to be sufficiently 
demonstrated that coherence was an effect caused merely 
by P.TX It should be observed, however, that it is always 
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possible, even when the applied P.D. increases slowly and 
continuously, that electrical surgings may be created by the 
first small discharge which takes place through the coherer 
along that line of particles which happens at the moment 
to offer the least resistance, and that the initial slight 
surgings so produced facilitate similar action along other 
lines of particles, till by a sort of cumulative process a large 
proportion of the whole mass of filings becomes involved 
in the process of coherence. 

" Unfortunately, the vagarious numerical results so far 
obtained indicated so little by their magnitude the characters 
of the coherers from which they were derived, that some 
statistical mode of attack seemed necessary to detect the 
relation which it must be presumed exists between sensitive- 
ness and cohering voltage. The most obvious method was 
to obtain the cohering voltage of each coherer in a large 
number of successive trials and take the mean. This 
process was adopted to this extent : that thirty values were 
obtained from each of six coherers of medium sensitiveness. 
The circumstances of each test were made as identical as 
possible, and the decoherence preceding each test consisted 
of half a minute's tapping by a bell-trembler. The results 
of striking an average showed that there was a decided 
tendency for the figures to cling round a particular mean 
for each coherer, the values of these means lying all between 
I and 4 volts, but not agreeing strictly in their order with 
the known order of sensitiveness of the coherers used. No 
coherers that were extremely sensitive or extremely non- 
sensitive were submitted to this tedious method, for a single 
trial always picked out such tubes sufficiently definitely. 

"The laboriousness of this procedure prohibited its 
application to any large number of coherers. It therefore 
seemed necessary to vary the method of attack. Doubtful 
of finding any practicable mode of securing perfect freedom 
from mechanical disturbance, the writer next endeavoured 
to secure that the degree of mechanical disturbance should 
be uniform. This was more or less effectively managed by 
fixing the coherer to a framework kept in gentle agitation 
by an attached rapidly-vibrating bell-trembler. Unfortu- 
nately, another long series of measurements conducted on 
the same lines as before showed that little had been gained ; 
the figures obtained from the same coherers, though being 
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all smaller than by the previous method, were as irregular 
in value, and, apparently, as little related to the behaviour 
of the coherers under receipt of radiation as those set out 
in Table I. 

" It now occurred to the writer to reduce the time of a 



HI 



Fig. 35. 



single trial to the fraction of a second by allowing the 
hammer of a trembler to strike uninterruptedly the coherers 
under examination. During each quiescent stage between 
the blows coherence might take place and a current pass 
through the galvanometer. Decoherence would follow 
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immediately and be succeeded by another coherence, and 
so on to any length of time. If uniformity in the vigour 
of the blows could be ensured, each consecutive cycle of 
operations within the coherer would resemble accurately 
the preceding one ; and the galvanometer would integrate 
the pulsating currents traversing it and give their mean 
value. It remained to be seen whether the time allowed 
between the blows was sufficient for the production of 
coherence. The trembler first used performed about fifty 
vibrations per second. The coherer selected was one of 
moderate sensitiveness. The following figures were im- 
mediately obtained by submitting the coherer, while being 
tapped, to known E.M.F.s taken from a wire potentiometer. 
Here the galvanometer deflections are left, as obtained, in 
scale divisions. Fig. 35 is plotted direct from this table. 



'Table IL (Fig. 35). 



Volts. 


Deflection in Scale 
Divisions (i cm. cor- 
responding to about 3 
microamperes). 


Volts. 


Deflection in Scale 
Divisions (i cm. cor- 
responding to about 3 
microamperesX 



O.I 

0.3 
0.4 
0.5 
0.7 
0.9 
1.0 
1.3 






0.1 

0.1 

0.2 

0.4 

0.6 

0.5 

1.0 


i 

1.4 

1-5 
1.6 

1 ^-7 
1 1.9 
, 2.0 
1 2.1 
2.3 
2.4 


1.4 
1.5 
1.7 
2.4 
4.2 
5-9 

8 to 10 
13 to 14 
15 to 16 



" After the lengthy experience of coherers which had 
been gained by the writer, the steadiness of the galvano- 
meter reading and the certainty with which increase of 
deflection followed the movement of the jockey along the 
potentiometer wire seemed almost incredible. Occasionally, 
however, there were rather violent throws which sent the 
spot of light off" the scale, and there were also sudden lapses 
which allowed the spot to fall towards zero. A number of 
coherers were roughly tried over, and from them figures 
giving similar curves obtained. It was, therefore, decided 
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"Table IIL (Fig. 37). 

The Utters have the same signification as those in Table IL 



Volts. 


A 


B 


C 


c 


D 


E 


F 






Microamperes. 














1 




... 






... 


0.04 


0.3 


... 


,, 




.. 


... 


.. 




0.08 


1.5 


... 


.. 


... 


.. 


... 


... 




0.1 


2.1 


... 


,, 




.. 


... 


.. 




0.2 


9.0 


03 




... 


.. 


... 


.. 




0.3 


22.2 


0.6 


.. 


... 


.. 




.. 




0.4 


31.2 


1.2 


0.3 


... 


.. 


... 


.. 




0.5 


45.0 


1.8 




... 


... 


... 


.. 




0.8 


... 


3.6 


1.2 


... 


.. 


... 


.. 




I.O 


... 


5.7 


1.8 


... 


... 


... 


.. 




1.2 


... 


9.0 


2.7 




... 


... 






1.4 


... 


14.7 


4.2 


0.3 


... 


... 


.. 




1.6 


... 


21.5 


7.5 


0.3 


... 


... 


.. 




1.8 


... 


I 


2.9 


0.6 


... 


... 






2.0 


... 


39.0 I 


9.2 


1.2 


... 


... 






2.2 


... 


52.2 2 


7.3 


IS 




... 


,. 




24 


... 


4 


a8 


2.1 


... 


... 


,, 




2.6 


... 


5 


3.4 


3-5 


... 


... 


.. 




2.8 


• •• 


... 


».. 


5,8 


,, 


... 


., 




3.0 


... 


... 


... 


II. I 


... 


... 


.. 




3.2 


... 


... 


... 


20.1 


0.3 


... 


.. 




3.4 


... 


••• 


... 


31.2 


0.3 


... 


.. 




3.6 


... 


... 


... 


46.2 


1.2 


... 


,. 




3.8 


... 


... 


... 


63.0 


1.8 


... 


.. 




4.0 


... 


... . 


... 


... 


3.0 


0.3 


0.0 


4.2 


... 


1 


... 


... 


3.9 


... 


03 


4.4 


... 


1 


... ! ... 


6.3 


... 


... 


4.6 


... 


... 


1 ... I 


3.8 


... 


.. 




4.8 


... 


... 


' ... I 


5-2 


0.6 


.. 




5.0 


... 


... 


2 


2.8 


1.2 


.. 




5.5 


• •• 


... 


5 


5.2 


2.7 


.. 




6.0 




... 






8.4 


0.6 


6.6 


... 


... 


I 


... 


22.5 


1.2 



to remodel the apparatus and to prosecute thoroughly the 
new method. It was noticeable that in every case a decided 
change occurred in the conductivity of the coherer at 
voltages much lower than the critical voltages obtained by 
previous processes from the same coherers. 
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" Table IV. (Fig. 38). — Moderately Sensitive Coherers 
UNDER Low E.M.F.s. 





Microamperes. 




Microamperes. 


Volts. 




Volts. 




I. 


2. 


I. 


2. 


0.00 


0.00 


0.00 


0.30 


0.27 


0.04 


0.04 


0.03 


... 


0.44 


0.44 


0.06 


0.08 


0.06 




0.54 


0.57 


0.09 


0.12 


• •• 


0.02 


0.60 


0.68 


0.10 


0.16 


0.13 


... 


0.70 


0.89 


0.13 


0.20 


0.16 


0.03 


0.80 


0.22 


0.16 



" Table V. (Fig. 39). — Non-sensitive Coherers. 



I. 


2. 


Volts. 




Volts. 


M icroamperes. 














4.0 


0.1 


6.0 


0.3 


5.0 


0.4 


6.4 


0.4 


H 


0.7 


6.8 


0.5 


5.8 


I.I 


7.2 


0.7 


6.2 


1.8 


7.6 


0.8 


6.6 


30 


8.0 


1.5 


7.0 


4.8 


8.4 


2.2 


7.4 


7.4 


8.8 


3.7 


7.8 


II. I 


9.0 


5.9 


8.2 


16.2 






8.6 


20.6 


... 


... 


9.0 


26.5 


... 


... 



" The apparatus was wholly rearranged. Continuity of 
sliding contact being of no importance, a potentiometer 
was made by winding about 100 ft of bare resistance wire 
on a long ebonite rod of circular section. When operated 
by six cells consecutive turns had a difference of potential 
of 0.02 volt very approximately. The contact piece moved 
parallel to the axis of the ebonite rod. A moving-coil 
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mirror galvanometer was shunted till its sensitiveness was 
such that I cm. on the scale corresponded to 3 microamperes. 
A bell-trembler especially capable of adjustment as to stroke 
and speed was obtained ; and a non-inductive resistance of 
10,000 ohms was placed in the coherer-galvanometer circuit 
Suitable terminals were arranged for the quick interchang- 
ing of the coherers, and convenient switches were placed in 
the various circuits. A diagrammatic plan of the apparatus 
is given in Fig. 36. With this disposition of the apparatus 
the characteristic curves were plotted for a large number of 
tubes, the circumstances of each experiment being main- 
tained for all invariable. A selection of the curves so 
obtained is given in Fig. 37. These are plotted from Table 
III., in which the scale readings of the galvanometer deflec- 




FlG. 36. 

tions have been converted to absolute values. From this 
selection will be seen what was merely emphasised by all 
the other curves obtained, that the general position of its 
curve on the chart indicates exactly the sensitiveness of a 
coherer as judged by the radiation test It should be 
noticed that the occurrence of rapid coherence is on these 
curves indicated by their convexity towards the axis of 
E.M.F. — were the conductivity of the coherer constant the 
curves would degenerate into sloping straight lines passing 
through the origin. With all the coherers examined, 
excepting those of known and remarkable non-sensitive- 
ness, some curvature was apparent under comparatively 
small E.M.F.S. Further, there was in no case, as the 



Digitized by LjOOQIC 



7(> 



WIRELESS TELEGRAPHY. 



applied E.M.F. was increased, any sudden increase in the 
current ; but, on the contrary, always a gradual growth in 
its value. Again, it will be noticed that when the applied 
E.M.F. becomes great enough the relation between current 
and E.M.F. becomes approximately linear, indicating that 




Fig. 37. 



coherence is now increasing uniformly and slowly. In 
order to examine more closely whether coherence could be 
traced at rather low voltages the sensitiveness of the 
galvanometer was raised by changing the shunt, and two 
of the coherers whose curves are given in Fig. 37 submitted 
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to low E.M.F.s, the frequency of the trembler being un- 
altered. Fig. 38 (Table IV.) gives the curves so obtained. 
They seem to indicate that the fall of resistance of a 
coherer commences very early, but, also, that no great 
change-rate is reached till a certain E.M.F. is applied which 
is different for each coherer. Another and similar trial on 
some very non-sensitive tubes, in which P.D.s up to 9 volts 
were used, showed that the linear portion of the curve for 
most coherers could, if desired, be reached. Two of these 
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Fig. 38. 

curves, which are in every feature similar to those in Fig. 
37, are given in Fig. 39. 

" In the late summer opportunity arose of applying 
this method of examination to a very large number of 
coherers. But before b^inning the work an attempt was 
made to overcome certain irregularities. For instance, it 
had been noticed that the same tube tested again and 
again gave curves which were not quite coincident, and 
sometimes the motion of the galvanometer mirror was 
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erratic. These and other small vagaries were traced to 
variations in the speed of the vibrator, to variations in the 
vigour of the blow, and, not least, to the occasional occur- 
rence of minute sparks at the contacts of the vibrator. In 
the absence of a convenient mechanical tapper, the bell- 
trembler used was supplied with a small-resistance shunt 
across the spark-gap, and means were taken to steady the 
current energising the magnets. Several sizes of hammer 
were tried, and the weight of the blow and the speed of 
tapping altered through a considerable range. No such 
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Fig. 39. 

alteration changed the character of the curves, so convenient 
conditions were adopted and adhered to. The speed of 
tapping chosen had, judging by ear, a frequency of about 
fifty vibrations per second. It was arranged that the 
inductance of the coherer circuit was as low as possible. 

" With these precautions several hundreds of coherers 
were examined. The curves obtained were more regular 
than those obtained hitherto, but presented no new features. 
The occasional throws so noticeable while the spark-gap 
of the trembler was only slightly shunted were compara- 
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tively infrequent. The final conclusion which these trials 
led to need here be merely stated. The complete corre- 
spondence between the sensitiveness of a coherer to electro- 
magnetic radiation and the position on the chart of the 
characteristic curve obtained by this method was fully 
demonstrated. 
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Fig. 40. • 

" It may here be mentioned that the majority of the 
coherers examined were of one type, consisting, as before 
stated, of filings, usually nickel, between plane silver 
electrodes. The author purposely kept to this one type 
for a reason which will be seen later. Other types of 
coherers were, however, occasionally examined. As a 
matter of interest there is given in Fig. 40 an example of 
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the curves obtained from a coherer which consisted of two 
steel needles projecting co-linearly from opposite directions 
into iron filings, the needle points being about i mm. apart. 
In the same figure is also a curve given by a coherer of the 
ordinary type, but containing iron filings. The general 
results of the mass of observations briefly described in the 
preceding pages, and a study of the characteristic curves, 
led the author to a kinetic theory of the filings coherer, 
which makes the typical coherer consist of filings free to 
move throughout the space of a narrow crevasse bounded 
at its ends by plane conducting faces. It is necessary to 
state this hypothesis tersely, so that the aim of the experi- 
ments to be described may be understood. 

"Table VI. (Fig. 40). — Coherers with Iron Filings. 



Volts, 


Microamperes. 


Volts. 


Microamperes. 


Planes. 


1 
Points. 


Pbnes. 


Points. 




0.5 

I.O 

1.4 
2.0 

2.4 
2.8 

3.2 




0.3 
0.6 
1.2 
2.1 

1:? 

12.6 





0.6 1 

1.8 ' 

2.7 1 

3-3 ; 


3.6 
4.0 

4.4 
4.8 

6.0 


22.8 
40.5 
59.4 


4.8 

6.3 

8.7 

II. I 

14.4 
19.2 

24.3 



" When a difference of potential, steady or oscillatory, is 
established between two opposed plane conductors separated 
by a distance which is small compared with their own 
magnitude, a fairly uniform electric field is created between 
them. Any conducting piece of matter, not spherical in 
shape, moving freely in this field, will experience a couple 
tending to place it, in general, with its longest axis parallel 
to the field.* Other particles present will be similarly 
acted upon, and if they come to rest while the electric field 
is maintained, they may be expected to exhibit distinct 

♦ This much, the author believes, has been suggested before, but 
he has not been able to find any distinct statement. — W. H. E. 
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orientation. The degree of orientation among the mass of 
filings will evidently bear some relation to the strength of 
the electric field, that is, to the applied E.M.F. In this state 
the process of * coherence' will be easier than when the 
arrangement of the particles is fortuitous. If we take Dr 
Lodge's view, that an actual welding occurs between con- 
tiguous particles till complete chains are formed across the 
gap, it must be noticed that the perfection of the weldings 
will also, in all probability, depend on the E.M.F. producing 
them. Thus, in filings coherers, the writer thinks, tw o 
distinct actions — one^ the mechanical, resulting in orienta- 
tion of the particles, the other, the true * c oherenc e' phe- 
nomenon, resulting in weldings— occur, and these are_ both 
dependent on the applied E.M.F. It is the author's con- 
tenlFon that the share of the mechanical action is great 
The series of experiments whose description follows were 
designed to prove the existence and the importance of this 
mechanical action. 

"In seeking for modes of attack, the idea of sorting 
filings according to their size and shape presented itself 
prominently. A coherer containing only spherical particles, 
and others, each containing uniform ellipsoidal particles of 
selected degrees of elongation, ought, in the ideal case, to 
be constructed and compared. In an endeavour to realise 
these conditions, the author spent much time in sifting 
silver, aluminium, iron, nickel, and copper filings. But 
even after many siftings all these filings, on examination 
under a microscope, were of astonishing irregularity as 
regards both size and shape. A process of sorting by 
allowing sifted filings to fall through liquids was then 
tried, but proved equally unsatisfactory. Finally, after many 
other attempts — which included such methods as rolling the 
filings down a vibrated inclined glass plate, and the use of 
air blasts — it was decided to abandon this phase of the work, 
inasmuch as the use of filings not perfectly regular could 
not but yield inconclusive results. It is known that if the 
gap between the electrodes of a coherer be increased^the 
sensitiveness of the coherer is diminished. It is mentioned 
later that a certain constant in the theoretical equation of 
the curves is directly proportional to the length of the gap. 
This constant is, roughly, for each position of the electrodes, 
that value of the abscissa at which rapid curvature com- 

F 



Digitized by LjOOQIC 



82 



WIRELESS TELEGRAPHY. 



mences. A number of experiments were therefore per- 
formed on several coherers of the ordinary type. First, 
the characteristic curve of a coherer was obtained by the 
general method described, and the distance between the 
plugs measured. Then the tube was heated towards the 
part where the platinum wire emerges, and, by a strong 
pull, the electrodes separated slightly. When the tube had 
cooled, another characteristic curve was drawn, and the 
gap again measured. This operation, it was found, could 
only be repeated once, or at most twice, on home-made 
coherers. The results of a series of measurements con- 
ducted in this manner on one tube are given diagram- 
matically in Fig. 41, the measurements from which the 
curves are plotted being set out in Table VII. A glance 
at the last lines of the table will show the reader that the 
accordance between the crude theory and the experimental 
data obtained is fair, but not remarkable enough to call for 
emphasis. 



"Table VIL (Fig. 4 


i). — Effect 


OF Increasing the Gap. 


Volts. 


Microamperes. 


I 


2 


3 


4 


0. 














0.1 


0.3 








... 


1.6 


0.9 


0.3 


0.3 





2.0 


1.8 


0.6 


0.3 


0.3 


2.4 


6.0 


0.9 


0.9 


0.6 


2.6 


14.2 


1.5 


1.5 


0.6 


3.0 


42.0 


30 


2.1 


0.9 


H 


... 


7.5 


4.5 


1.5 


3.8 


... 


22.2 


10.2 


3.0 


4.2 




37.8 


21.3 


7.5 


4.6 


... 




H'^ 


16.5 


5.0 


... 


... 


58.0 


34.2 


5-4 




E = 3.o 


... 


61.0 


Curvature com-1 ^ 
mences at /^ = 2.i 


E = 3.3 


E = 3. 5 volts. 


Size of gap - /=o.22 


/=o.34 


/=o.38;^ 


/=o.45 mm. 


E//=9.5 


E//=8.8 |.; 


E//=8.9 


lE//»7.8 
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* Only a day or two before going to press it occurred to 
the writer that Tissot's discovery, that the sensitiveness of 
a coherer made with magnetic filings is greatly increased 
by the presence of a magnetic field whose direction is 
parallel to the axis of the tube, might be utilised to indicate 
the share the mechanical actions have in the alterations of 
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Fig. 41. 

conductivity in a filings coherer. Magnetic particles in 
such a field will experience a couple similar in kind to that 
which they experience in an electric field. A short cal- 
culation shows, besides, that the couples exerted on the 
same (paramagnetic) particles by an electric field due to i 
volt across a small gap and by a magnetic field of one 
C.G.S. unit are of the same order of magnitude. A know- 
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ledge of the permeability of the material of the filings is 
however, necessary to make any experimental results 
valuable. The writer has not yet had opportunity to 
perform by the characteristic curve method any quantita- 
tive experiments with iron filings coherers, but he has 
found that the effect of the magnetic field due to a small 
solenoid is quite appreciable on a nickel-alloy coherer 
which happened to be at hand. Tissot states that the 
effect of a magnetic field on the sensitiveness of a coherer 
containing iron filings is very great. 

^^ Elementary Theory of the Motion of the Particles, 

" If a difference of potential of e volts be established 
between the parallel faces of the electrodes of a filings 
coherer, and if the distance between the faces be / cm., the 
approximately uniform electric field in the narrow gap will 
be of intensity F = ^//. This field intensity is independent 
of the specific inductive capacity of the medium occupying 
the gap, and, therefore, if we assume that the presence of the 
flying metallic particles is merely equivalent to an increase 
of the specific inductive capacity, the above expression for 
the field intensity will be unaltered by the presence of 
the filings. An application of the well-known formula 
for the couple on a solid prolate spheroid in a uniform 
magnetic field shows that in an electric field of strength 
F, the couple tending to bring the long axis of the ellipsoid 
towards coincidence with the direction of the field is given 
by the expression — 

M — T 

47rF2 sin e cos ^^y^rp, 

where B is the angle between the major axis and the direc- 
tion of the field, and L and M are constants which are 
somewhat complicated functions of the axes of the ellip- 
soid. The particle will therefore acquire in its flight an 
oscillatory motion the same in nature as that of a quadran- 
tal pendulum (Thomson and Tait, Part I. p. 392). The 
period of small oscillations can in any particular case 
easily be computed. For example, if we take a particle 
whose length is 0.02 mm. and two or three times its minor 
axis, of mass \ x lO"* gramme, moving in a field due to a 
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P.D. of I volt across a gap of 0.2 mm., we find that its 
time of swing, when the oscillations are small, is of the 
order ^uWh of a second. Thus the time required to pull 
a particle into line with the field is very small indeed if 
its angular displacement from that line is small. In the 
actual case of coherers subjected to the experimental pro- 
cesses described in the preceding part of this paper, the 
filings in the gap were, by blows repeated at intervals of 
-sjsth of a second, scattered throughout the space between 
the electrodes. Observation shows that they have time in 
each cycle to settle at the bottom of the space free to them. 
They settle while under the influence of an electric field. 
Very many more of the particles, therefore, will fall with 
their long axes parallel to the axis of the tube than would 
so fall had no field influenced them. Moreover, the more 
will so fall the greater the couple acting on each particle — 
that is, the greater the field, or the greater the applied 
E.M.F. 

" If we agree with those who affirm that chains are 
formed (see Lodge's letter to TAe Electrician^ vol. xlv. 
p. 938) among the mass of filings during coherence and 
assume that the number of complete chains so formed is 
related linearly to the number of particles brought to rest 
all parallel, we may, for our rough purposes, deduce an ex- 
pression for the conductivity of the coherer by calculating 
the proportion of the flying particles which will be pulled 
into parallelism with the axis by a given electric field. It 
is to be remembered, however, that in all probability the 
cohesion or welding between particle and particle is itself 
dependent on the strength of the field, that is, on the 
electromotive force applied at the electrodes ; but this 
question it is not intended to discuss. Besides which, 
there are also other and less abstruse considerations which 
bear on the chance of a complete chain being formed. 
This chance is the greater, for instance, the greater the 
length of a particle and the smaller the distance across the 
gap.* 

" To avoid going into details it may be stated that by 
making suitable approximations a simple form of the equa- 
tion of the characteristic curve is easily arrived at. The 

* Previously noticed by Malagoli. 
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equation reduces, in fact, to the hyperbola 

where y is the current through the coherer when x is the 
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FtG. 43. 

applied E.M.F., R is the external resistance, B and C are 
constants, and E is a constant which is proportional to the 
length of the gap and which it is well to keep prominently 
in view. Only a portion of one branch of this hyperbola 
is applicable to the present case, and that, moreover, only 
while the amount of coherence is not great. This portion 
represents, besides, but a part, though the most important 
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part, of the whole characteristic curve of a coherer, but it 
enables us to compare the whole action of the filings 
coherer with that part of the whole action which can 
possibly be due to the motion of the particles. 



"Table VIH. 


(Fig. 42). — Example of Calculated Curve. 


X (volts). 


>> (microamperes). t| jr (volts). 


jr (microamperes). 


I.O 
1.2 


" 1 

4.1 1 

97 


2.0 

2.5 
3.0 


14.7 
30.6 
50.7 



E=i.o. C--=o.i7. B=6o. 

" It will be noticed that this approximate equation 
makes the current zero when the applied E.M.F. is E. 
Thus this constant E is that E.M.F. which just suffices to 
turn particles only very slightly displaced into complete 
coincidence with the axis, and of these there is theoretically 
only an infinitely small proportion of the whole number of 
filings. In other words, it is that voltage at which the 
characteristic curve of a coherer begins to bend sharply. 
The bending which occurs before that E.M.F. is reached is 
due to the coherence which may be expected to take place 
in the actual case at some of the many contacts which are 
afforded even when the filings fall perfectly fortuitously. 
These views are excellently expressed by the curve in Fig. 
42, which has been selected for this purpose. The line aic 
represents the calculated curve, E being taken as i volt, 
B as 60 kilohms, and C as 0.17 volt. It indicates how 
much of the whole action might be effected by the 
mechanical agencies alone. But there is reason to believe, 
from considerations not to be entered upon here, that the 
constant C has in this case been taken unduly large, and 
that as it stands the curve somewhat exaggerates the share 
of the mechanical action. The amount by which the 
calculated curve falls short of the experimental curve 
affords, however, an idea of the proportibn of induced con- 
ductivity for which coherence proper is responsible. The 
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writer has found, by using different resistances in series 
with the coherer, that this degree of coherence proper is 
the greater the smaller the external resistance, that is, the 
larger the current, and thus that the coherence proper de- 
pends on the amount of current allowed to pass through 
the coherer. Since only small currents were permitted in 
obtaining the curves given in this article, the true coherence 
effect was of less weight than the mechanical effect. 

. " Conclusion, 

" So much has been said on the main points at issue as 
they arose during the progress of the descriptive parts of 
this article, that a lengthy discussion of any of these points 
seems now quite unnecessary. But it would be well to state 
as concisely as possible the general tendency of the writer's 
work on the whole subject of coherers made with filings. 
The first series of experiments with the liquid and wire 
potentiometers demonstrated satisfactorily that electrical 
surgings, such as are no doubt produced in any circuit to 
whfch an E.M.F. is abruptly applied, had no effect — as 
surgings — in producing coherence. From this result alone 
it niay be concluded fairly that, as Branly and others have 
always insisted, the phenomenon of coherence is an effect 
of E.M.F. merely. But, besides, these first experiments 
brought prominently before us the many vagaries which 
have caused the filings coherer to be universally regarded 
as an instrument of erratic and unaccountable behaviour. 

" The next portion of the work led to the invention of a 
very general and powerful method of examining filings 
coherers. By the use of this method all the anomalies 
which have hitherto accompanied the manipulation of a 
coherer seem to disappear, and a curve is obtained which 
expresses most definitely all the characters of the coherer 
from which it is drawn. It may be termed a true quanti- 
tative method of investigating the qualities of a coherer. 
As one example of its utility in such investigations the 
curves in Fig. 41, tracing the effect of separating the elec- 
trodes, may be cited. The curves indicate plainly that 
very definite and invariable laws govern the action of a 
coherer. They prove, besides, that coherence is a con- 
tinuous phenomenon, and that there can be no true * critical 
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voltage.' Moreover, the complete agreement which the 
author found, during his work with hundreds of coherers, 
between the sensitiveness to electro-magnetic radiation and 
the position on the chart of the curves of the respective 
coherers, prove most emphatically that t he u lti mate causes 
of the whole phenomenon of coherence are the same with 
oscilTatoiy and with non-oscillatory E.M.F.s. Thus those 
common expressions, * the impinging of waves,' and ' the 
incidence of radiation on a coherer/ might, with advantage, 
the writer thinks, be deleted from our phraseology. For 
the production of coherence by radiation is in all pro- 
bability entirely due to oscillations of potential set up in 
the coherer connections. 

" The theory which the writer has put forward to explain 
the merely mechanical portions of the complex phenomenon 
of coherence in filings coherers is, the writer recognises, 
not yet backed by any irrefutable evidence. Against it 
can be brought many objections. One which will occur 
to every reader will take the form of the question : Are 
there sufficient complete oscillations in the radiation which 
falls, ordinarily, on a coherer circuit to produce an appreci- 
able motion in one of the particles ? As has been men- 
tioned above, an average filing of the dimensions which 
the writer found by rough measurement under a microscope 
required not more than ^oo ooth of a second to turn from rest 
to parallelism with the electric field acting upon it. For 
the couple to be maintained so long a time about 100 
oscillations of the period commonly employed in wireless 
telegraphy would be necessary ; and this is not impossible 
in resonant circuits. On the other hand, the proposed 
theory throws light on many points hitherto unexplained. 
For instance, the ability of tremors, and even of sounds, to 
assist coherence and the increase of sensitiveness which 
follows a proper application of a magnetic field to coherers 
containing magnetic filings become more easily understood. 
And, again, the 'critical voltage' of Blondel and Dobke- 
vitch is shown to have a cause though its existence as an 
experimental actuality is made impossible by the simul- 
taneous occurrence of coherence proper. The theory shows 
very clearly, too, how liable to yield conflicting conclusions 
must be all comparisons made by different observers on 
coherers supposed exactly similar, and how doubtful in 
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value are comparisons made, even by the one experimenter, 
on coherers containing filings of different metals. For, 
the behaviour of different instruments must depend very 
largely on the size and shape of the filings. That highly 
contradictory results have been obtained by different 
workers was pointed out in the preliminary part of the 
article. Finally, if the theory be accepted, the direction of 
improvement in the manufacture of coherers is, by its aid, 
most clearly indicated. On the whole the writer thinks the 
aim of this article may well be described as an attempt to 
reduce the complicated case of the filings coherer to the 
elementary case of the single microphonic contact." 

The results of Dr Eccles' admirable research may be 
summarised in a few words: — (i) The filings coherer acts 
orL the application of a difference of potential to its termi- 
nalsj^and this voltage may be either continuous or alter- 
nating^ (2) Any small voltage is sufficient to produce 
some current, but in the neighbourhood of a certain voltage, 
which is different for each coherer, the resistance decreases 
very rapidly^ allowing a correspondingly rapid increase 
of current, which welds the filings, and causes a further 
decrease of resistance. (3) The sensibilities of coherers 
for steady voltages are proportional to their sensibilities 
for oscillatory voltages. (4) The whole phenomenon may 
be explained mathematically on the supposition that the 
action takes place in two stages — firstly, the turning of the 
particles into line under the influence of the electrostatic 
force, and secondly, a welding together of their ends^ thus 
brought together, owing to the passage of a current. 

Lieutenant Solari, of the Italian Navy, discovered that 
a small drop of mercury between two iron plugs forms a 
very sensitive self-restoring coherer. Its disadvantage 
lies in its need for frequent adjustment 

Dr Muirhead has improved upon this by using a 
small rotating disc of steel which grazes the surface of a 
pool of mercury covered with a film of oil. The continual 
motion of the disc prevents mercury from sticking to the 
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Steel, and at the same time ensures that the surface of the 
mercury is clean. One advantage of this coherer is its low 
resistance when cohered, which makes it possible to uap it 
in connection with a syphon recorder or other sensitive 
telegraph instrument without interposing a relay. 

Anti-coherers. — If the effect of electrical oscillations 
is to increase the resistance of a detector, the apparatus is 
called an anti-coherer. The most important of these are 
perhaps the electrolytic device used by Dr de Forest, and 
Mr Brown's lead peroxide detector, both described in a 
later chapter. Unlike the metallic contact coherer, which 
may be cohered by the electric jigs whether the local 
battery is connected or not, the anti-coherer is only main- 
tained in its sensitive state by the action of a steady 
voltage in its circuit, and is restored to its original state 
by the same agency after the reception of a signal. In 
the case of the coherer, mechanical vibrations perform a 
similar function. Carbon coherers are, under ordinary 
circumstances, self-restoring. It seems likely, however, 
in default of experimental evidence to the contrary 
that the restoration may be due to mechanical vibra- 
tion, which enables the contact again to attain a more 
or less stable state of equilibrium. 

Schafer's Anti-cohcrcr.— One of the most curious of 
the anti-coherers is that invented by Schafer, and tested at 
distances up to 95 kilometres in Germany. A fine scratch 
is made with a diamond across a strip of silver deposited 
chemically on glass. One end of the strip is connected to 
one pole of a battery giving 3 or 4 volts, and the other 
end to the other pole. Under these circumstances, a 
galvanometer in circuit shows quite an appreciable current, 
and a microscope reveals the fact that the small torn 
particles of silver in the gap are flying to and fro, from 
side to side, acting as carriers of a convection current as 
in the well-known electrical experiment usually called 
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"Electric Hail." If the two parts of the strip be in addi- 
tion connected to the aerial and earth wires of a receiving 
station, and have thus a voltage jig impressed upon them, 
the motion stops, and the current is no longer carried. 
In practical use this change of current is detected by 
means of a telephone. 

In seeking for an explanation of this action we must 
note that the gap is not filled with metallic particles as 
is the case in a coherer, but that the particles are com- 
paratively few in number, and have very large areas in 
comparison to their weights, since they are ms^de from 
an extremely thin metal sheet. We must also take 
into account that the electric field between the two sides 






C D 

Fig. 43.— SciiAFEt's Anti-coherer. 

A Bf Silver Film ; C />, Glass Plate ; £, Lines of Electric Force across Gap in Film. 

(The diagram is rouRhly i,cxx> times natural size.) 

of the gap is not uniform, since the thickness of the 
silver film is much less than the width of the gap. 
The lines of force are therefore closer together near the 
sides than at the centre of the gap. 

The action of the particles in carrying the current under 
the influence of a steady voltage is simple enough. An 
uncharged particle near the electrode is attracted, owing 
to the difference of potential. It approaches until it comes 
into electrical contact, and then a charge flows into it from 
the electrode. When the electrical surface density on the 
particle reaches a certain limit, which depends on the 
potential at the electrode and on the electrical dimensions 
of the particle, the particle is repelled from the electrode 
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and flies across to the other side and there gives up its 
charge. 

So far we have dealt with what is already well known. 
I shall now apply these facts to the elucidation of Schafer*s 
detector. Consider what must happen to a charged particle, 
which has just commenced its flight, if the potential of the 
electrode is rapidly changed, as it would be by the arrival 
of the first half wave of a jig. When the potential of the 
electrode rises considerably, the sign of the charge remain- 
ing the same, an opposite charge will be induced on the 
near side of the particle. As the field is divergent, the 
effect will be to reduce the repulsion between electrode and 
particle. If the potential and charge on the electrode now 
diminish to zero before the particle has moved appreciably 
farther, attraction will ensue since the particle retains its 
original charge. This attraction will be further increased 
as the second half of the wave changes the sign of the 
electrification on the electrode, which now becomes 
oppositely charged to the particle. On the whole, then, 
the action of a change of voltage at the electrodes, super- 
posed upon the steady voltage which charged the particles, 
is to reduce the repulsion or cause attraction, and, in 
general, to stop theFr flight. 

These considerations appear to give a sufficient ex- 
planation of the phenomenon observed by Schafer, but I 
may as well restate them in a somewhat different form, 
which is briefer, thus : — An uncharged particle is attracted, 
during both positive and negative halves of an oscillation, 
to the nearest electrode ; a charged particle, beginning its 
flight under a steady voltage, is repelled from the nearest 
electrode. If the two conditions be superposed they tend 
to balance one another and arrest the movement of the 
particle. The action is not molecular, and therefore does 
not resemble that of other anti-coherers. 

Messrs Duddell and Taylor's Measurements of 
Voltage in the Coherer Circuit. — With the kind per- 
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mission of the authors, and of the Council of the Institute, 
I append a quotation frOm the paper,* read to the Institu- 
tion of Electrical Engineers in 1905, in which the authors 
give an estimate from exf)erimental data of the actual 
voltage in the coherer circuit : — 

" Though no precise measurements bearing on the point 
were made, it may be taken in view of the manner in which 
the coherer receiver used at intervals during the experi- 
ments responded at the longer distances, that the E.M.F. 
of 6.6 volts given in the previous paragraph was about 
eight times stronger than necessary to get signals on that 
particular coherer. The^ critical R.M.S. electromotive 
force during each train in the receiver antenna required 

to operate the coherer, would therefore_be about -^ = 
— " 8 

0.8 volt. This was not the actual voltage applied to the 
coherer terminals, however, because the coherer was always 
connected in a secondary circuit tuned to^ resonance, in 
which it may be taken that the E.M.F. was magnified, 
perhaps ten times, giving 8.0 volts per train (^R.M.S.). In 
this secondary - resonant- circuit a special form of con- 
struction has been adopted, and every precaution taken to 
reduce the damping to a minimum. To get an idea of the 
maximum voltage attained during a train of oscillations in 
this circuit, it is necessary to take into consideration the 
increment and decrement of the train. Allowing for this, 
it is thought safe to assume that an actual maximum 
E.M.F. of about four or five times the R.M.S. figure, viz., 
about 40 volts, should be available in the coherer resonant 
circuit to give good signals. As in practical work it would 
I be necessary to provide a considerable margin above the 
figure, it is clear that the maximum voltages produced are 
not of a very small order." 

♦ Journal LE.E, vol. 35, No. 174. 
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CHAPTER V. 

DETECTION OF OSCILLATORY CURRENTS 

OF HIGH FREQUENCY 

BY THEIR EFFECTS ON MAGNETISED IRON 

The effect of an oscillatory magnetic field on magnetised 
steel or iron differs considerably in different circumstances. 
A permanent change, however, of the state of magnetisation 
of the iron is almost always apparent. The results depend 
on the qualities and magnetisation of the material, on the 
intensity and character of the oscillations, and on the 
relative directions of thejnagnetisation and the oscillatory 
field. It has been known since the earlier part of last 
century that the discharge of a. Leyden jar will magnetise 
or demagnetise steel needles. . Professor Joseph Henry 
made a large number of observations on the phenomena, 
and threw much light on the nature of the discharge of a 
condenser, but it was not until 1895 that the possibility of 
detecting, by this means, electric waves which had travelled 
considerable distances was proved by Mr Rutherford. In 
that year, by using a large Hertzian oscillator with plates 
about I by 2 m. and a resonator consisting of two copper 
rods about 30 cm. long, he was able to detect the radiations 
at distances up to three-quarters of a mile. The rods of 
the resonator were connected by a small helix of fine wire, 
in the axis of which was placed a magnetised needle or 
bunch of very fine steel wires. A magnetometer indicated 
the amount of magnetism in the needle, and decrease of its 
deflection showed the arrival of the waves. After each 
observation it was necessary to remagnetise the needle, no 
automatic arrangement for this purpose being provided. 
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Professor Rutherford suggested to me in 1900 that the 
oscillations might be made to record themselves on a steel 
band, as in the telegraphone. I was, however, too fully 
employed with other work at the time to undertake the 
experimental work necessary to produce a practical wireless 
telegraph receiver. 

In 1897 Professor E. Wilson constructed an automatic 
magnetic receiver. It was similar to Rutherford s first 
apparatus, but the remagnetisation of the needle was 
effected by a local battery whose circuit was closed by 
the motion of the magnetometer. This appears to be the 
first telegraphic receiver in which the magnetic detector 
was employed. 

Five years later, in 1903, Mr Marconi patented two 
forms of magnetic detector somewhat different in principle 
from those already described. Instead of allowing the steel 
to remain demagnetised for an appreciable time and then 
remagnetising it by closing a local circuit, he applied a 
slowly alternating field to the iron core. As the core goes 
through its cycle of magnetisation, the latter lags behind 
the applied force. If, however, an oscillatory field of high 
frequency is suddenly superimposed on the slowly alternat- 
ing one, the molecules of the iron are shaken up and the 
lag instantaneously disappears, the magnetisation jumping 
at once into the condition corresponding to the applied 
field. A similar effect is produced by a mechanical shock. 
The sudden change in induction through the core is 
observed by means of a telephone receiver in circuit with 
a coil of wire round the core of the detector. On the 
arrival of oscillatory currents at the detector, the momentary 
current induced by the change of magnetic induction 
causes a click in the telephone. 

Mr Marconi's second magnetic detector attains a similar 
end in a somewhat different way. An endless band of 
fine insulated iron wires is kept moving at about 8 cm. 
per second in the direction of its length round two wooden 
pulleys. Near to one part of the band two horse-shoe 
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magnets are fixed, two similar poles being together, and 
the opposite ones further along the band on either side. 
A large number of lines of force pass into the band under 
the central poles, and after travelling some distance in 
either direction along it reach the outer poles of the horse- 
shoes. Wound on a glass tube, through which the band 




Fig. 44. — Marconi's Magnetic Dbtbctor. 

A, Aerial Wire; E^ Earth-Plate; B^B.,,, Iron Band round Pulleys; SN. . . , Permanent 
Magnets ; C C, Prinuury Windine on Glass Tube through which the Iron Band Travels ; 
D, Sea»dary Winding ; T^ Telephone Receiver. 

passes at this point, are two coils of fine wire. The inner 
one is connected to the aerial and earth wires, and the 
outer to the terminals of a telephone receiver. As the 
band travels slowly along, the lines of force are drawn out 
in the direction of its motion owing to the retentive pro- 
perty of the iron ; a proportion of those which cut one side 
of the telephone circuit when the band is at rest are, there- 

G 
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fore, drawn away from it When the oscillatory currents 
arrive from the aerial circuit these lines are freed and fly 
back, cutting one side of the coil as they go (see Russell, 
p. Ill, " Retentiveness "). The result is a momentary 
current which produces a click in the telephone. 

Each spark at the transmitter thus makes an audible 
sound in the receiver. As in other forms of wireless 

telegraph a short succession of 
sparks constitute a dot, and a 
long one a dash. Messages in the 
Morse code are, therefore, trans- 
missible. This receiver is more 
sensitive than the coherer, and is 
also more easily adjusted. It has 
come into very general use on 
account of these advantages, but 
its inability to actuate a recording 
instrument is in certain circum- 
stances a drawback, particularly 
if the operator be not extremely 
expert and the message be in 
cypher. In Post Office work over 
the ordinary wires the difficulty is 
obviated by the use of an auto- 
matic type - printing telegraph 
where possible, thus eliminating 
errors which might occur at the 
receiving end. In other cases the 
repetition of the message, back 
from office to office, is insisted on by the Post. Office as 
essential to accuracy, when cypher or code words occur 
in it 

In 1902 Professor Fessenden invented several forms of 
magnetic receiver. The earliest depends on the reaction 
between a closed circuit of low resistance and another cir- 
cuit, or coil, in which oscillatory currents are flowing. The 
closed circuit is a very light ring of wire to which a 



© 



Fig. 44A.— Fessbnobn's Elsc* 

TRO*MAGNRTIC RbCEIVBR. 

A^ Aerial Wire; B^ Support for 
Moving Parts: M^ Small 
Mirror, below which is a Light 
Ring of Wire. 
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mirror is attached, the whole being suspended by a fine 
fibre. The oscillatory currents flow through a fixed coil, 
inducing currents in the ring which repel those in the fixed 
coil. The signals are read by the deflections of a spot of 
Tight from the mirror, as is frequently done in submarine 
cable work. No iron or steel was used in this instrument. 

His second detector, shown in Fig. 44B, is entirely differ- 
ent in principle, and depends on 
the magnetic properties of steel. 
A fine steel wire is included in 
the line between the aerial and 
earth wires, with its length at 
right angles to a powerful mag- 
netic field. One end is also 
connected to a local battery 
circuit, the other pole of which 
forms a terminal, very close to, 
but not in contact with the steel 
wire. The wire is normally cross 
magnetised by induction from 
the magnetic field, and is there- 
fore subject to a force tending 
to pull it into the position where 
the field has greatest density ; it 
thus sags in the direction of the 
poles of the fixed magnet. The 
oscillatory currents along the 
wire suddenly reduce the per- 
meability, or cause some other 
change which is equivalent in effect, and the wire springs 
up and strikes the contact, completing the local circuit. 
The use of a recording instrument in the local circuit 
seems possible with this detector, though the telephone 
would no doubt be more sensitive. On the whole the 
apparatus does not appear suitable for the detection of 
very minute currents. 

In the recently invented " Einthoven " galvanometer 
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Fig. 44B.— Fessbkoen's Magnetic 
Receiver. 

A, Aerial Wire; -V K, Thin Steel Wire; 
£, Earth: Af, PermaneDt Magnet; 
C, Fixed Contact Piece ; B, Battery ; 
Dy Galvanometer. 



Digitized by LjOOQIC 



lOO WIRELESS TELEGRAPHY. 

which is extraordinarily sensitive to continuous currents, a 
single wire in a very strong magnetic field is also used, but 
the wire is of non-magnetic material ; with oscillatory cur- 
rents it would therefore tend to vibrate in time with the 
oscillations at a frequency too great to be observable, even if 
the forces concerned were sufficient to cause a mechanical 
vibration of more than infinitesimal amplitude ; the adapta- 
tion of this instrument to the needs of wireless telegraphy 
seems therefore unlikely. 

In 1904 Mr Walter and Professor Ewing patented a 
magnetic detector based on the discovery that oscillatory 
currents along a fine steel wire increase its hysteresis. A 
description of this apparatus was given in a communication 
to the Royal Society in 1904,* from which the following is 
an excerpt : — 

" It occurred to us to exhibit the alteration in hysteresis 
by applying the principle which is used in an instrument 
invented some years ago by one of us for the mechanical 
measurement of hysteresis. In that instrumentf the hy- 
steresis is measured by the mechanical couple between a 
magnetic field and the iron, when either the iron or the 
magnet providing the field is caused to revolve. Thus, if 
the field revolves, the iron tends to be dragged after it, as 
a consequence of hysteresis in the reversals of its magnetism, 
and if the motion is prevented by a spring or other control, 
it assumes a deflected position. Suppose, now, the electric 
oscillations to act on it, any change of the hysteresis caused 
by them will be exhibited by a corresponding change in 
the deflection. We anticipated, in accordance with the 
generally accepted view that hysteresis is reduced by the 
oscillations, that their presence would be detected by a fall 
in the deflection. 

" With this expectation an experimental apparatus was 
arranged, consisting of an electro-magnet, capable of being 
rotated on a vertical axis by an electric motor. The magnet 
poles were bored out circular, and between them was sus- 

♦ Proc, Roy, Soc, vol. 73, February 1904, by kind permission 
of the Council. 

i /oum. Inst. EJectr, Engineers, vol. xxiv. pp. 398-430, 1895. 
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pended, by a phosphor-bronze strip, a ring made up of three 
thin, flat annuli of soft iron, clamped together, and provided 
at the foot with an axial pivot. The ring was free to turn 
inside of two bobbins wound with fine copper wire, the 
windings being at right angles to the plane of the ring. 
Through these copper windings, electrical oscillations, pro- 
duced in the usual manner by means of a distinct spark-gap, 
were passed. 

" The first experiments resulted in a very small deflec- 
tion from the position due to normal hysteresis, indicating, as 
was expected, a decrease of hysteresis when the oscillations 
arrived. The apparatus was also tested with an alternating 
current of about lOO periods per second in place of the 
oscillations, with the effect that the normal hysteresis 
deflection was almost entirely wiped out. 

"Various other forms were also tried with indifferent 
results, when it occurred to us that there would be advan- 
tages in passing the oscillations through the magnetic 
material itself, making it of magnetic wire. A small 
bobbin was therefore wound with insulated soft iron wire, 
and the ends soldered to the upper and lower halves of the 
spindle, which was Itself divided at the centre, the upper 
half bearing the controlling spring, and the lower dipping 
into mercury, from which a connection led to the other 
terminal. On passing oscillations through this winding, a 
remarkable and unexpected result was obtained. The 
change of deflection was much more marked than in the 
former experiments, and was in the opposite sense, indi- 
cating an increase of hysteresis while oscillations were 
present Afterwards, hard steel wire was substituted for 
the soft iron, and a very great increase in the effect was 
observed, still in the same direction — that of increase of 
hysteresis. 

" Owing to these encouraging results, it was decided to 
continue the experiments in this direction, abandoning the 
older form, in which a decrease of hysteresis was dealt with. 
The first bobbin constructed was about j\ inch in external 
diameter, and had a vertical wire space of J inch. The 
winding was a single No. 32-gauge iron wire, double 
cotton -covered, wound straight round from beginning to 
end. Later, No. 40 and No. 46 steel wires were employed, 
of which the latter gave the best results. 
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" It was soon noticed that any method of increasing the 
oscillatory current in the wires, as by winding the bobbin 
with two wires having a slightly unequal number of turns, 
was of advantage in giving a larger deflection. Later a 
fine copper wire secondary, wound on the bobbin parallel 



Fig. 45. 

to the magnetic wire, was tried, first with the ends insulated, 
and then with the ends soldered together. A marked in- 
crease in deflection was observed when the secondary was 
closed, showing that the magnetic nature of the wire itself 
was influential. Accordingly, a bobbin was then wound 
with insulated steel wire, doubled back on itself This 
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non-inductive winding gave by far the best results hitherto 
attained, and is now used, except when special results are 
required. 

"The instrument, though described as a detector of 
electrical oscillations, may be said to measure rather than 
detect, giving quantitative as well as qualitative results, 
and being capable of regulation from a sensibility of the 
same order as that of an average coherer down to practical 
insensibility to powerful sparks in the same room. 

" In the instrument, as shown in the figure, the electro- 
magnet takes the form of a ring capable of moving round 
a vertical axis, and is provided on the interior with two 
long wedge-shaped pole-pieces, M, M, the current to the 
winding being supplied through brushes bearing against 
insulated rings below. The magnet is made to revolve by 
an electro-motor, the best speed being about five to eight 
revolutions per second, but the electro-magnet may be 
replaced by a permanent magnet system giving a similar 
field. A structure is built up, external to the magnet, to 
support the vessel containing the pivoted bobbin and its 
centring arrangements. The bobbin itself is made of bone, 
and is about two inches long. It is provided with a steel 
spindle at each end bearing in a jewel hole, the two halves 
of the spindle being insulated from one another. The 
winding, which is, as far as possible, non-inductive, consists 
of about SCO turns of No. 46-gauge hard-drawn steel wire, 
insulated with silk. The bobbin is immersed in petroleum, 
or a mixture of petroleum with thicker mineral oil, which 
serves the double purpose of fortifying the insulation, and 
giving the damping effect necessary to steady the deflection 
due to the drag of the revolving magnet. Readings are 
taken by means of a spot of light, as with speaking mirror 
galvanometers, but a syphon-recording attachment has been 
fitted, and any form of contact for working a relay could 
be employed. 

" The detector, as before mentioned, gives quantitative 
readings, and, in some cases, the deflection may be too 
large to be easily read by the scale. For this purpose a 
variable shunt is provided, by which the deflection can be 
r^^lated. 

" For the purpose of wireless telegraphy, the instrument 
has the advantage of giving metrical effects. The benefit 
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of this in facilitating tuning, and in other respects, need 
not be insisted upon." 

Mr Walter has more recently invented another form of 
self-restoring magnetic detector based on a quite different 
principle and capable of producing unidirectional — that is, 
direct — currents when excited by the received oscillations. 
This forms so great an advance on previous detectors 
that with his kind permission I quote his description of 
the apparatus, given in a paper to the Royal Society in 
April 1906:* — 

" The method was arrived at as a result of experiments 
in connection with an instrument previously described,t to 
determine the cause of the increase of hysteresis loss as a 
result of the action of oscillations. It was found that the 
increase is due to a great extent if not entirely to the 
increase of induction produced, to which increased induction 
a largely augmented hysteresis loss corresponds at the field 
strength employed. Working on this basis, it was thought 
that such an increase of induction might serve as a means 
of furnishing continuous unidirectional currents, by gener- 
ating an unidirectional (commuted) E.M.F., />., by making 
conductors cut the lines of force in a magnetic field, and 
causing the oscillations to act upon a magnetic mass under- 
going reversals of magnetism in the magnetic field of 
the generator, whereby the E.M.F. generated should be 
augmented ; a second, equal E.M.F. being opposed to the 
first, so that normally there is no external potential differ- 
ence. In such a case a continuous unidirectional current 
should be obtainable during the time that the oscillations 
are acting upon the magnetic mass. 

"An experimental apparatus was accordingly made, a 
diagrammatic plan of which is given in Fig. 46. Two 
ebonite bobbins, B, B^, mounted on the same spindle, are 
rotated in the field of two horse-shoe permanent magnets, 
NS, N^Si, these bobbins being wound, in a similar manner 

* Proc, Roy, Soc, A. vol. 'JT^ April 1906, by kind permission of the 
Council. 

t Walter and Ewing, Roy, Soc, Proc, vol. 73, p. 120, 1904. 
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to those illustrated in connection with the pivoted bobbin 
detector previously referred to, with some feet of steel wire 
of suitable resistance. A winding of two coils, w, w', at 
right angles to one another, of a hundred turns, is placed 
on each bobbin, at right angles 

to the plane of the steel wire 

winding, as in a drum armature, 
corresponding coils, /.^., w and 
w^, w' and w'j, being connected 
in such a way that the E.M.F.'s 
generated are equal and opposite. 
The ends of the windings are 
connected to the segments of a 
4-part commutator, C. (For the 
sake of clearness only one pair 
of corresponding windings, of 
one turn each, is shown connected 
in Fig. 46.) The steel wire 
windings of the two bobbins are 
exactly alike, the ends of one 
winding being insulated, while 
those of the other are connected 
to a pair of slip-rings, r, r, and 
brushes, by means of which the 
oscillations can be passed 
through the winding. 

"On testing this apparatus 
in the normal condition, with 
the armature driven by a small 
electric motor, and no oscilla- 
tions acting, there was no 
potential difference at the 
brushes, the zero of a sensitive 
Ayrton - Mather galvanometer 
connected to the terminals, T, T, 
remaining undisturbed. On 
waves arriving, a steady deflec- ^*^- '•^• 

tion on the galvanometer was 

obtained, in a direction corresponding to an increase of 
E.M.F. generated by the armature (bobbin) acted upon 
by the oscillations. On the oscillations ceasing the 
galvanometer deflection returned to zero. The effect 
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naturally was very small in the first experiments, but it has 
been found that by suitably designing the magnetic winding 
and proportioning the turns in the armature winding a 
quite considerable sensibility is obtained, and this is con- 
tinually being improved upon. The usual speed employed 
is about five to eight revolutions per second ; higher speeds 
have been tried and gfive a larger effect, but the zero is not 
so steady. 

" The model illustrated is not adapted to give the best 
results, this form having been chosen solely for convenience 
in construction. A considerable length of the winding 

on the armature is 
" dead " wire, and 
hence in a new model 
being constructed, the 
armatures resemble 
small Gramme ring 
structures, in which 
the wire is more effec- 
tively utilised. 

"The results ob- 
tained with the first 
form of the apparatus 
led to the idea that 
the magnetic mass 
might be located else- 
where in the magnetic 
circuit of M, such as 
at B in Fig. 47, under- 
going slow continuous 
reversals at the most 
ordinary ring armature, A 
then be run at a much 




Fig. 47- 



favourable speed, and an 
be used, which latter could 
higher speed so that a proportionately greater external 
potential difference as a result of oscillations acting 
could be anticipated, two identical generators, opposed 
to one another of course, being employed as in the 
previous method. The few experiments made in this 
direction have, however, not given good results up to the 
present, but this is considered to be due rather to the 
experimental apparatus employed than to the inapplica- 
bility of the method." 
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The paper by Mr Russell, referred to by Mr Walter, 
was read before the Royal Society of Edinburgh in 1905, 
and is the description and discussion of a series of experi- 
ments on the subject The conditions of the experiments 
differed somewhat from those of Messrs Ewing and Walter, 
or of Dr Eccles, whose most recent research on the subject 
I shall quote further on. Mr Russell used a closed secondary 
circuit of an induction coil linked with a closed magnetic 
circuit of thin sheet iron, to which a steady field was also 
applied. As there was no spark-gap it is unlikely that any 
high frequency oscillations took place, the secondary cur- 
rent being simply of the type shown in Fig. 32. Thus the 
results may or may not be directly comparable with those 
obtained with magnetic detectors in wireless telegraphy. 

Mr Russell has kindly permitted me to make the follow- 
ing quotations from his paper,* noting that the results given 
are not only true for electrical oscillations but are also 
observed with a mechanical vibration : — 

** It is now absolutely necessary to discriminate between 
the order and manner in which oscillations and field are 
superposed, the one upon the other. Two experimental 
methods were adopted : — 

'^A. Oscillations were superposed upon constant field. 

"5. A change of field was superposed upon oscillations 
permanently acting. 

" Experimental Methods under A Conditions, 

" First, after demagnetisation of the iron, a fixed maxi- 
mum field is put on (by increasing reversals, to secure as 
far as possible symmetry about the zero of induction), and 
reversed twenty times. The plus change of inductions due 
to the twenty-first reversal is measured. The co-directional 
oscillations are now superposed, and the plus induction 
change measured. Oscillations and field are now put off. 
Second, the iron is again demagnetised, and the same fixed 



* Proceedings RS,E, vol. xxvi. part i.; by kind permission of the 
Council. 
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maximum field put on in the same way as before, and 
reversed twenty times. The plus induction change due to 
the twenty-first reversal is measured. A single step is now 
taken to any given point on the hysteresis loop, and the 
minus change of induction measured. The co-directional 
oscillations are now superposed, and the plus or minus 
reading taken. Oscillations and field are again put off. 
This second process is repeated for a sufficient number of 
points all round the loop. The whole process is repeated 
for transverse oscillations. 

"Three curves result from the reduced galvanometer 
readings taken as above described. These are plotted in 
Figs. 48 I. and 48 II., when the maximum cyclic induction 
values are (without oscillations) 6 = 780 and 6 = 5,620 re- 
spectively. The scale of Fig. 48 II. is for both ordinates 
double that of Fig. 48 I. The ordinates measuring induc- 
tion are in C.G.S. units ; the abscissae measuring field, in 
arbitrary units. 

" Summary of Results under A Conditions. 

" At and near extreme cyclic values the superposition of 
oscillations produces for low values of field (see Fig. 48 L) a 
relatively large increase of induction ; for higher values of 
field (see Fig. 48 IL), a relatively small increase of induction. 
For low values of field the increase is greater for co- 
directional than for transverse oscillations ; for high values 
of field this relationship is reversed. 

"After leaving cyclic extremes there are points when 
the field is decreasing where co-directional and transverse 
oscillations respectively produce neither an increase nor a 
decrease of induction. In low fields they are thrust ^^;« the 
cyclic extremes, in high fields towards the cyclic extremes. 

" When these points are passed, oscillations produce a 
decrease of induction, and this for all values of field is 
greater for co-directional than for transverse oscillations. 
This decrease passes into increase in the opposite sense, 
and the first conditions are reverted to at the other end of 
the cycle. 

"In all cases the induction change is greatest when 
oscillations are superposed on an increasing field. For 
low fields this occurs at or near cyclic extremes, where the 
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slope of the curves is greatest. But as the cyclic field 
maximum is increased, the greatest induction change 
occurs at an earlier stage of the increasing field, where in 
this case also the curves are steepest 

" The curves for transverse and co-directional oscillations 
given in Figs. 48 and 49 must not be confounded with the 
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usual hysteresis loops in the sense that the areas they en- 
close measure the energy loss during one complete cycle. 
They do not do so. 

" They measure for any given value of field the instanta- 
neous change of induction which takes place when oscilla- 
tions — co-directional and transverse — are superposed at any 
and all stages of the normal hysteresis loop. 
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" Now suppose that after any instantaneous induction 
change has been measured, the field is made to vary by some 
small amount — say, by a decrement if the field had previously 
been decreasing — the induction change which now takes 
place is entirely different (see dotted arrow). Hysteresis or 
lag in the usual sense comes into full play, and one natur- 
ally passes to the conditions of field superposition where a 
cycle field change may be regarded as superposed upon 
permanently acting oscillations. 

'^''Experimental Methods under B Conditions. 

" I. After demagnetisation and twenty reversals of a 
fixed maximum field, the normal B — H hysteresis loop is 
determined by Ewing's method of single steps from the 
fixed maximum to a sufficient number of points all round 
the loop. 

"2. The iron is again demagnetised and subjected to 
co-directional oscillations, upon which the field at the same 
fixed maximum value is superposed. After twenty reversals 
of field, the hysteresis loop is determined as before. 

" 3. The iron being again demagnetised, the same process 
is repeated for transverse oscillations and the corresponding 
measurements made. It is, of course, understood that in 
cases second and third the force sustaining the oscillations 
remains *on ' and unaltered until the series of galvanometer 
readings has been completed. 

" The above determinations were repeated for many field 
cycles, the maximum induction values at the extremes of 
each cycle ranging from a minimum of B = 20 to B = 12,000. 

" Swnmary of Results under B Conditions, 

^'Permeability* — See Fig. 49, where the full line, dotted 
line, and dash line curves have the same signification as in 
Figs. 48 L and 48 II. For low values of field co-directional 
oscillations increase the permeability relative to the normal 
{i,e,y without oscillations) to a greater extent than transverse 
oscillations. 

"For higher values of field transverse oscillations, in- 

♦ After twenty reversals of field. 
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crease the permeability relative to the normal to a greater 
extent than co-directional oscillations. 

"The crossing point of these curves occurs when the 
induction is about 5,000 with oscillations. 

" When the induction does not exceed a few hundreds 
without oscillations the corresponding induction with trans- 
verse and co-directional oscillations is respectively about 
three or four times greater. When B = 20 without oscilla- 
tions, these ratios become a little less. 
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'' Retenttvity. — When the field is reduced to zero from 
a cyclic maximum and the ratio of residual to maximum 
induction plotted, as in Fig. 49, against maximum cyclic 
induction, the curve with transverse oscillations is higher 
within wide limits than that obtained with co-directional 
oscillations. These curves appear to coalesce, or even to 
cross, in higher fields. (The normal retentivity curve lies 
above both, not applicable for * quenched ' nickel.) 

" It might thus appear that even under the B conditions 
the effect of oscillations is to reduce residual magnetisation. 
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Such a statement, however, cannot be regarded as correct, 
because by plotting against maximum induction one of the 
most important effects of oscillations has been eliminated, 
viz., that of increased permeability. 

" In Fig. 48 residual magnetisation is plotted against field, 
and we see that it is only at high values of induction — 
where permeability is, so to speak, naturally eliminated — 
that the effect of oscillations is to reduce retentivity. For 
lower fields, and throughout a wide range, oscillations 
increase retentivity. A comparison with Fig. 49 shows that 
the greater the permeability in the three cases, the greater 
is the residual magnetisation. The residual magnetisation 
curves with co-directional and transverse oscillations also 
cross each other — as was found to be the case for per- 
meability — and greatly exceed in value the normal reten- 
tivity curve without oscillations, with the exception already 
mentioned, where the induction is great. 

" Coercive Force. — For low fields of the order of a few 
hundreds, oscillations likewise increase coercive force, but 
with slightly higher fields this effect soon disappears, and 
thereafter oscillations decrease coercive force. 

'' Hysteresis Loss for Constant Induction. — When under 
normal conditions the maximum cyclic induction is of the 
order of one to five hundred, co-directional oscillations for 
constant maximum induction diminish the energy loss in 
the iron about four times, transverse oscillations about 
three times. But as the induction is increased this differ- 
ence gradually lessens, and after B under normal conditions 
has reached 5,000 it is apparent that transverse oscillations 
diminish the loss in the iron to a greater extent than co- 
directional oscillations. In all cases for constant induction, 
oscillations cause a diminution of the energy loss ; but 
when the induction is high (say, B = 1 2,000), the diminution, 
although sufficiently well marked, has become a relatively 
small effect. 

" Hysteresis Loss for Constant Field. — When under normal 
conditions the maximum cyclic induction is of the order of 
a few hundreds, oscillations for constant maximum fields 
increase the energy loss in the iron about four times relative 
to the loss when no oscillations are acting. As the induc- 
tion is increased to some thousands, the energy loss becomes 
very approximately the same with and without oscillations. 
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When, however, the induction is higher still (say, B = 1 2,000), 
a sufficiently well-marked but relatively small decrease of 
hysteresis loss is caused by the oscillations. The energy 
loss for co-directional and transverse oscillations does not 
differ greatly relative to each other for constant maximum 
fields. The greater relative retentivity and the lower per- 
meability at low fields (where the difference is so much 
greater than under normal conditions), under transverse 
relative to co-directional oscillations are in harmony with 
this result. The curves exhibited are not here reproduced. 
One however may be referred to, in which the full line curve 
shows the normal hysteresis loop without oscillations, the 
dotted line curve, the greatly increased hysteresis loop with 
co-directional oscillations. They do not differ in type from 
each other. The phenomenon of Mag' is equally well exhib- 
ited by both ; but for present purposes it is in my opinion 
also essential to state all the facts in terms of permeability 
(at cyclic extremes), of retentivity (when H=o), and of 
coercive force (when B = o), as has been done above." 

Dr W. H. Eccles has recently investigated the pheno- 
menon under conditions which approximate very closely 
to those obtaining in actual wireless telegraphy. He has 
kindly permitted me to make the following excerpt from 
his paper : * — 

" In the experiments to be described, an endeavour has 
been made to turn the difficulty arising from the skin-effect. 
Oscillations so feeble have been used that they affected 
only the outermost layers of the iron wires employed. The 
cores of the iron wires have, therefore, not been used. 

"Other and great difficulties arise in the matter of 
producing oscillations of determinate and invariable 
character. Maurain, in the greater part of his work on this 
subject, appears to have used the oscillations that passed 
through a helix in series with a Leyden jar kept sparking 
strongly and continuously by means of an induction-coil. 
Russell,t in some recent experiments, applied to his iron 
the oscillations passing through a coil connected directly 

* By kind permission of the Council of the Physical Society and 
of the publishers of the Philosophical Magazine, 
t Proc, Roy, Soc, of Edin, Nov. 20, 1905. 

11 
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in series with a small induction-coil. This last method 
appears to the writer to subject the iron to very violent 
treatment of a nature not easily described accurately ; for 
how far the mere surgings of secondary current overwhelm 
in importance the genuine oscillations, it will be difficult to 
say. Piola,* again, worked with highly damped oscillations, 
because, he found, such oscillations produce the highest 
effects. He has, indeed, following Rutherford, used this 
fact in determining the damping factor of a circuit But 
in the present investigation these sources of indeterminate- 
ness have, as far as might be, been avoided by using a 
single train of waves instead of a continued torrent of such 
trains, and by using oscillations as little damped as possible. 

" The present paper deals solely with oscillations whose 
magnetic field is along the direction of the principal field. 

" In these experiments fairly soft Swedish charcoal 
iron, aged, and not freshly annealed, was taken a large 
number of times round any chosen magnetic cycle (as in 
ordinary magnetic testing) till what may be called a cyclic 
state was attained. The field was then given any desired 
value, and the iron submitted to a single train of oscilla- 
tions. This was managed by generating the oscillations 
on a helix surrounding the iron wire. The consequent 
alteration in pole strength was observed by the deflexion 
of a magnetometer mirror. These processes were all 
repeated a number of times for each selected point of the 
cyclic curve. The figures given in the table below are 
thus each the mean of a number of observations. 

"In detail, the apparatus adopted consisted of two 
straight solenoids each of 3,270 turns of No. 20 copper 
wire wound in six layers on a length 59 cm. of split brass 
tube. They were placed horizontally on one and the same 
magnetic east-west line, but on either side of a mirror mag- 
netometer. The magnetometer-needle was in the common 
axis of the two solenoids. The solenoids were connected 
in series, and so adjusted in position that when a large 
current was passed through them the magnetometer-needle 
was undisturbed. A liquid resistance, a Weston milliam- 
meter, suitable switches and commutators, and a battery of 
six secondary cells completed the solenoid circuit. The 



* Elettricista^ iv. p. 145, May 15, 1905. 
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coil destined to be the seat of the oscillations consisted of 
1,252 turns of No. 26 copper wire wound in a single layer 
on 70 cm. of a glass tube 0.5 cm. in external diameter, and 
had a resistance of about 3 ohms. The whole coil was 
wrapped in paraffined paper and pushed into the brass 
tube of the east solenoid. 

"The iron wire examined was unannealed Swedish 
charcoal iron, dia- 
meter 0.749 mm., 
and was used 
always in lengths 
of 56 cm. Its char- 
acteristic curve is 
given in Fig. 50. 
The magnetometer 
was a silk - sus- 
pended mirror 
carrying four very 
small magnets; 
readings were taken 
on a scale distant 
88 cm. 

" The object in 
employing twin 
solenoids is clear. 
By placing equal 
amounts of iron 
wire in each sole- 
noid and adjusting 
their positions care- 
fully, the magneto- 
meter deflection 
could be kept very 
slight whatever 

magnetic variations the iron was taken through, the iron 
in the one solenoid compensating that in the other. 

" It was then permissible to exalt greatly the sensibility 
of the magnetometer. This was done by reducing the 
controlling field at the needle by means of an auxiliary 
permanent magnet 

** In the experiments, three iron wires insulated from 
one another and tied in a bundle were used in each sole- 




FiG. 50. 
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noid, the group in the east coil lying, of course, in the glass 
tube on which the oscillation-coil was wound. The inner 
ends of the wires were 9.3 cm. distant from the magneto- 
meter-needle. The field at the needle was reduced to 
0.034 C.G.S. unit. With these arrangements, such a 
sensibility was attained that on certain days of August last 
the strokes of distant lightning, not visible in London,* 
were easily perceptible in the laboratory by their effects on 
the iron in the oscillation-coil. 

"The oscillations used were produced by leading the 
free east end of the oscillation-coil, that is the end distant 
from the magnetometer, to one side of a micrometer spark- 
gap. The other end of the oscillation-coil was left insulated. 
The poles of the spark-gap were connected to the terminals 
of a diminutive influence machine, that pole not connected 
to the oscillation-coil being, besides, earthed. Thus, when 
the handle of the influence machine was turned through a 
certain angle (depending on the spark-gap) at a speed 
easily learned, a spark occurred which set up oscillations in 
the coil. The spark-length finally settled upon was about 
half a millimetre. It was found possible in this way to get 
over and over again practically the same magnetometer 
deflexion for every spark, provided the effect of previous 
oscillations was wiped out by taking the iron through a 
cycle. As these small sparks were usually inaudible, their 
occurrence was recognised by the sudden deflexion of the 
magnetometer-needle. 

** The calculated period of the stationary waves on the 
oscillation-coil is 5.7 x lO'^ second. 

" A typical set of operations was as follows. The iron 
was demagnetized by reversals. An amplitude of cycle 
being then decided upon, the iron was taken a number of 
times through that cycle. This last operation was stopped 
at the point settled upon for the observations, and the 
magnetometer reading taken. A spark was passed, and 
the magnetometer again read after thirty seconds. A com- 
plete cycle was now performed ending at the same point as 
before, and another spark passed, and so on. Usually, 
about twenty points on a cycle were examined by 4 or 6 
observations at each. In this paper, however, the effects of 

* The newspapers gave accounts of thunderstorms in Hertfordshire. 
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the spark are recorded as if the observations had been 
taken only on the ascending half of the hysteresis curve ; 
the figures given being in fact the means of the measured 
eflTects at points symmetrical with regard to the origin on 
the ascending and descending branches. 













Table I. 
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" In this table the figures given can be reduced to 
absolute measure as follows : — The numbers at the top of 
each column and down the left column, representing the 
current through the solenoids in milliamperes, yield when 




^1.. /so"^^zdo H 



Fig. 51. 



multiplied by 0.0696 the magnetic field in C.G.S. units 
applied to the iron. The deflexions in the body of the 
table give the change in pole strength, due to the spark, by 
multiplying by 0.017 ; yield the volume-average change of 
intensity of magnetization by the factor 1.27 ; or give 
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change of total magnetic moment of the affected specimen 
by the reducing factor 0.940. 

" Fig. 5 1 is plotted from the above table. The curves 
show clearly how for increasing cyclic amplitudes, within 
the range here attempted, the effect of the same spark is 
increased. The curves show very distinct maxima. It is 
evident, moreover, that the magnitude of the effect at any 
point is closely connected with the slope of the hysteresis 
curve. On the whole the curves tend to corroborate the 




Fig. 52. The dotted curve shows spark-effect. 

fact — first noted by E. Wilson in his 1902 patent specifica- 
1 — that the sensibility of the iron to oscillations is 
atest when in the magnetic condition repr&ented by 

point of inflexion on the hysteresis curve. To examine 
5 matter more closely these curves representing the 
;ct of the spark are repeated in Figs. 52, 53, 54, 55, each 
ngside the gradient curve, that is, first derived curve, of 

corresponding cyclic curve. To assist in picturing the 
gnetic state of the iron, there is plotted on each diagram 
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the proper hysteresis loop. These loops were obtained by 
independent experiments with the earth's field controlling 
the magnetometer-needle. (Reducing factor for I is 67.5.) 
"In these figures the abscissae for all the curves are 
milHamperes (multiply by 0.0696 to get C.G.S. field). The 
figures have been so constructed that, except in the cyclic 
curves, equal ordinates on the different figures represent 
absolutely equal effects. The reducing factors for the 




Fig. 53. The dotted curve shows spark-effect. 

spark-effect curves are as given in connection with Table I. 
In all the slope curves the ordinates give at once very 
approximately the change of intensity of magnetization 
per .001 C.G.S. increment of field. But the ordinates of 
the cyclic curve are reduced 21 times in Fig. 52, 42 times 
in Fig. S3, 63 times in Fig. 54, 84 times in Fig. 55 ; and 
are thus not directly comparable with one another or with 
the companion curves. 

" Returning to the spark-effect and the gradient cur\'es, 
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however, it is seen that the spark-effect is by no means a 
simple function of the gradient of the cyclic curve. The 
curves show, moreover, that the maximum effect of the 
spark is greater in the cycles of larger amplitude ; and not 
only because the hysteresis curves are steeper in large 
cycles than in small, but also because in small cycles 
the effect of the oscillations is, for some unknown reason, 
much smaller than the diminished gradient would lead one 
to expect. 




Fir.. 54. The dotted cun-e shows !ipark>eflect. 

" It must be mentioned here that during the above 
measurements the effect of changing the sign of the initial 
charge given to the oscillation-coil was repeatedly tried. 
On no occasion was there any perceptible difference in the 
magnetometer deflexion. The damping of the oscillations 
must therefore have been very trifling." 

Sella-Tieri Detector. — An interesting type of detector 
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has been invented by Sella, and improved by Tieri. In the 
latter form it consists of a core of soft iron wires, soldered 
together at their ends, and placed in a glass tube rather 
shorter than the core. On the outside of the tube are wound 
coils which are connected to the aerial and earth, and to a 
telephone respectively. A current is passed longitudinally 
through the core, while at the same time it is continually 




Fig. 55. The dotted curve shows spark .efTect. 

twisted and untwisted by a mechanical arrangement The 
core is thus circularly magnetised by the current, and under 
the continually varying torsion is sensitive to the oscillating 
longitudinal field produced by the received oscillations. 
The telephone indicates the sudden alterations in magnet- 
isation which occur on the reception of a signal from the 
transmitter. 
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CHAPTER VI. 

THERMOMETRIC DETECTORS OF OSCILLATORY 
CURRENTS OF HIGH FREQUENCY, 

There are a number of instruments in use which measure 
the energy of the oscillatory currents in the receiving 
circuit, and not the voltage or current as do coherers or- 
magnetic detectors. Their action depends on the rate at 
which heat is produced in a short fine wire through which 
the oscillatory currents of high frequency pass. (I am tired 
of writing this long phrase, and its equivalent for dielectric 
currents, viz., " a train of electric waves of high frequency." 
The word oscillation is used by some writers to imply high 
frequency oscillation only. This is unfortunate, since even 
electrical oscillations have been produced at frequencies of 
less than one per second. I therefore propose to adopt a 
good old English word which signifies a periodic motion of 
high frequency, to stand for " a damped train of electrical 
oscillations of a frequency of the same order as* is 
employed in wireless telegraphy;" or the corresponding 
'* oscillatory currents, voltages, or magnetic fields of high 
frequency," associated with them in the sending or receiv- 
ing circuits of a wireless installation. The word chosen is 
brief and descriptive, viz., jig. It may be qualified where 
necessary to prevent confusion, thus — an electric jig^ a 
magnetic jigy an Irish jig — all implying periodic motions of 
very high frequency. A transformer of the high frequency 
currents used in wireless telegraphy has been called a jigger, 
hence also it seems natural to call these currents "jigs.") 
The energy of electric jigs, then, may be measured by 
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their heating effect on a conductor. In some types of 
thermometric detector the temperature variation of the 
resistance of the fine wire in which the energy is converted 
into heat, is used as indicator ; in others the heat from the 
wire acts on a thermo-electric junction which forms part of 
a galvanometer circuit. A third class, suitable for currents 
of some magnitude, utilises the 
expansion of the conductor. 
To the first class belong Pro- 
fessor Fessenden's original bar- 
reter, and Lieutenant Tissot's 
bolometer bridge; to the second 
Mr Duddeirs thermo-galvano- 
meter, and many others ; and 
to the third that class of 
thermo-ammeters, whose con- 
struction is based either upon 
the direct elongation of a wire, 
as in the Cardew voltmeter, or 
on the untwisting of a spiral 
spring like the Ayrton and 
Perry instruments. There is 
also a fourth class, much used 
in Germany, in which the heat- 
ing of the wire is measured by 
expansion of air in a vessel 
enclosing the wire. 

The thermometric method 
is, so far, the only one which 
lends itself to accurate mea- 
surement of the current or energy, and as the rate of 
heat production is proportional to the square of the cur- 
rent, the thermometric detector can be easily graduated 
to show the R.M.S. current directly. Coherers and 
vacuum tubes act when the voltage rises sufficiently, 
magnetic detectors when the current attains a certain 
value, but the thermo-galvanometer indicates through- 




FiG. 56.— Fessen den's Barreter 
OR Thermal Dbtecfor. 
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out its whole range the actual R.M.S. value of the current. 
In 1902 Professor Fessenden patented a form of thermal 
receiver which proved to be of the same order of sensibility 
as other wireless detectors. A short piece of extremely fine 
platinum wire, enclosed in a vacuum, is connected to the 
aerial and earth, and also forms one side of a type of Wheat- 
stone bridge. The current jig in the receiver heats the fine 
wire, and as this has very small heat capacity and radiating 
surface, and is in vacuo^ its temperature rises rapidly. The 
rise of temperature causes an increase of resistance which 
is indicated on the Wheatstone bridge by means of a 
syphon recorder or otherwise. 

The system has been found to be very reliable in action, 
but from the fact that it depends on the energy received 
and not simply on the voltage or current, it is not likely to 
be able to compete with other forms of detector' over great 
distances, for if the R.M.S. voltage of the jigs received falls 
off in proportion to the distance, the energy of the current 
jigs induced in the receiver will decrease in proportion to 
the square of the distance. As a detector, therefore, its effi- 
ciency will vary inversely as the square of the distance, 
instead of inversely as the distance. I understand that Pro- 
fessor Fessenden has now discarded this detector, at least 
for long distance transmission, in favour of an electrolytic 
arrangement which will be described in the next chapter. 

Tissot's Bolometer Bridge.— Lieutenant C. Tissot, of 
the French Navy, has devised a kind of bolometer for use 
in the measurement of the received current in wireless tele- 
graphy, and has made many useful measurements by its 
means. He has kindly allowed me to quote the following 
from his paper communicated to the Institution of Electrical 
Engineers in the beginning of 1906 : * — 

" The principle of Langley's bolometer is well known. 
Two fine metal wires are inserted respectively in the two 

* By kind permission of the Council. 
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arms of a Wheatstone bridge. A variation in temperature 
of one of the wires produces a variation in its resistance 
which is indicated by the bridge galvanometer, the bridge 
having been previously balanced. 

" In applying the bolometer to the detection of electric 
waves, it is necessary to ensure the complete heat isolation 
of the bolometric arms, and on the other hand to localise 
the action of the waves in one arm only. 

" To effect this the arms, which are straight and very 
short — 1.5 cm. of 10 /x diameter platinum wire, in the most 
sensitive models — are brought very near to one another 
within the same enclosure. 



Aerial 
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Resistance 



EATth. 




Resistance 



h^37 



idalvanometer 

Slide wire 



Fig. 57. 

"In one of the types employed, these arms are in vacuo. 
The case in which they are contained is made as small as 
possible, and is enclosed in two successive coverings of 
silver-plated brass, between which is a very thin air space. 
The whole is immersed in a small vessel filled with water. 
In another model the heat isolation is obtained in a more 
simple manner by means of a Dewar vacuum vessel. 

" According to the kind of measurements for which the 
apparatus is intended, two different methods are employed 
for localising the effect of the wave. In one of these 
methods, similar to that employed by Rubens, each arm of 
the bolometer is formed by four exactly equal pieces of 
wire arranged in the form of a bridge (Figs. 57 and 58). 
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" The balancing resistances of the bridge are either of 
German silver or platinoid, and are immersed in petroleum. 
The balancing of the main bridge is performed by means 
of a slide wire of large diameter. The aerial and the earth 
connection are attached at/,/, and q to that diagonal which 
is not in the circuit of the main bridge. 

" The apparatus can be calibrated direct by a continuous 
current, and can be used as a wattmeter (the resistance 
being known and the self-induction negligible). The 
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Fig. 58. 

method employed for taking the measurements consists 
in the observation of the permanent deflection of the 
galvanometer of the main bridge under the action of the 
waves received during a suitable time. The aerial and the 
earth are removed, and there is connected in their place a 
source of direct current capable of supplying the required 
current to the bolometric bridge m np q^ so as to produce 
the same deflection of the galvanometer of the main bridge. 
** Since it is necessary that the unbalancing of the main 
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bridge shall be solely due to the heat developed in the 
auxiliary bridge mnpq^ an external means of adjustment 
(a kind of slide wire) was added to the bolometric bridge 
in order to be able to realise exactly the desired conditions. 
These are obtained when the galvanometer deflects in the 
same direction and exactly to the same amount, on re- 
versing the direct current in the auxiliary bridge. 

" The other method of localising the effect of the waves 
consists in inserting between the bolometric arms, each of 
which are formed of a single piece of wire, suitable ironless 
choking coils, of dimensions previously determined by 
experiment. The aerial and earth are then connected as 
shown in Fig. 59. The sensibility of these arrangements 




Fig. 59. 

depends, of course, upon that of the galvanometer employed. 
For moderate degrees of sensibility a D'Arsonval dead-beat 
galvanometer was used. The apparatus is then suitable 
for use on board ship. Where extreme sensitiveness was 
required I employed a moving needle galvanometer 
(Thomson*s type) with two parallel vertical needles, the 
resistance of the galvanometer being chosen equal to that 
of each of the bridge arms. I was thus able to obtain 
deflections of about 10 millimetres with an effective current 
of 100 microamperes (scale at i metre distance). 

"If the length of the transmitting aerial A is left con- 
stant, and that of the receiving aerial B be varied progres- 
sively, it will be noted that the deflections of the bolometer 
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reach a maximum for a certain length of B. The aerial 
system AB are then in resonance and have the same 
natural period. 

" When the aerials A and B have the same shape, for 
instance both being either simple wires, or both consisting 
of four parallel wires, it will be found that the resonance 
always occurs when the lengths are equal whatever may be 
the general curvature or inclination of the aerials. The 
measurements given refer to systems in resonance.'' 




Professor Braun of Strasburg and other German workers 
have made considerable use in experimental work of a 
thermo-ammeter of the air-thermo- 
meter type, designed originally by 
Mr Snow Harris. Like all other 
thermal instruments, it measures 
the steady temperatuj;e attained by 
the wire whe n hea t productiorrand 
radiation have reached a balance. 
A fine short wire is enclosed in air 
in the sealed end of a U-tube ; a 
liquid is put in the lower part of 
the U, and the other branch is 
graduated. The heat expands the 
air, and the rise of the liquid 
column indicates the temperature, 
and therefore the current. This 
instrument is simple in construc- 
tion, but several corrections require to be applied to the 
readings before the actual value of the current can be 
obtained. 



Fig. 60.— Snow Hakkis Tiiekmo> 
galvanometek. 

r, y. Terminals of fine wire ; A, 
Liquid in U*tul>c ; "^i Scale. 



Duddell's Thermo-galyanometer and Ammeter— In 

order to measure the current given by a high frequency 
alternator, giving about 120,000 - per second, Mr Duddell 
devised a pair of instruments which between them could 
register through an enormous range, from about a micro- 
ampere (one millionth of an ampere) up to many amperes. 
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They are portable and easily adjusted, and are, so far, the 
best instruments to be had for the measurement of high 
frequency currents or voltages. 

With Mr DuddelFs kind permission,* I take the follow- 
ing descriptions from his paper read before the Physical 
Society and published in the Philosophical Magazine^ July 
1904:— 

"The first instrument was de- 
signed to be very quick in action 
for a thermal instrument, and was 
made to work with a small current 
so that it could be used as a quick- 
acting voltmeter. It is essentially 
a very delicate Ayrton - Perry 
twisted strip-ammeter which has 
been improved by the addition of 
a temperature-compensation device 
to minimise the zero-creep when 
the temperature of the whole in- 
strument changes. The working 
parts of the instrument are shown 
in Fig. 61. A B C D is the Ayrton- 
Perry twisted strip, of which the 
part A B is twisted in one direction 
and the part C D in the opposite. 
A mirror M and a very thin mica ^^^* ^'* 

damping-vane are fixed at its 

centre. This strip is stretched in a frame formed of a 
brass block Tj carrying one terminal and a piece of ebonite 
E, the sides of the frame being formed of wires WW. 
This frame itself is stretched by means of a spiral spring 
S fixed to the other terminal block Tg. 

" The twisted strip A B c D and the wires w W are made 
of the same metal ; in fact, the strip A B C D is actually 
flatted from the wire W W, so that the twisted strip and 
wires have the same temperature-coefficient of expansion. 
If the wires and strip rise in temperature equally, then the 
whole frame E w T^ w simply gets longer and no twist of 
the mirror ensues. If, however, a current be sent from T^ 

* By kind consent of the publishers. 

I 
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to T2 through the strip, then it heats and twists up, rotating 
the mirror M. Owing to the fineness of the strip (0.001" 
Pt Ag) which is heated by the current, the instrument is 
very quick in action. The mechanical periodic time is also 
very short, about yV second ; so that it is able to follow 
with a fair accuracy currents which vary over a small range 
as rapidly as one or two cycles per second. 

" The data of this actual instrument are : — Resistance, 
20 ohms; current to give 25 cm. at 100 cm. scale- 
distance, 22 X lO"* ampere ; P.D. to give 25 cm. at 100 
cm. scale-distance, 0.44 volt. 

" So that taking i cm. as the smallest measurable deflex- 
ion and 0.1 mm. as the smallest detectable movement — 
The smallest measurable current is 4.4 x 10"' ampere. 
„ detectable „ 0.5 x lO"* ampere. 

Watts required to produce smallest measurable de- 
flexion, i.e.y I cm., 387 micro-watts. 

" It is evident that this very simple instrument has many 
uses. It is very easily set up, requiring no careful levelling, 
and is quite robust The present instrument which I made 
three years ago has often been carried about just as it is in 
the pocket The self-induction of the wire is extremely 
small, and the temperature-coefficient of the resistance of 
the wire ("PtAg) is small also; so that the instrument 
can be used as a voltmeter to measure voltages down to 
about 0.1 volt, and I have used it in series with high resist- 
ances to measure voltages up to 10,000 volts. The instru- 
ment can of course be shunted to measure large currents ; 
but if a good deflexion of say 25 cm. is required, the drop 
in volts on the shunt, 0.44 volt, is serious. Its main defect 
is that it requires screening from quick vibrations of the 
order of xV second, as the damping is not quite sufficient. 
I find that this can be easily done by standing the instru- 
ment on a heavy block which is suspended by means of 
wires and springs as in the Julius suspension for gal- 
vanometers. 

"The second instrument is much more delicate and 
sensitive. It was made primarily to measure very small 
voltages and currents even with very high frequencies up 
to 1 20,000 --per second. At this high frequency the alter- 
nator I made would only give an extremely small output ; 
it was therefore necessary, in order to carry out the experi- 
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ment, to reduce the power required to work the instrument 
to its lowest possible value. I have called this instrument 
a Thermo-galvanometer. 

"The principle of the thermo-galvanometer is quite 
simple. It consists of a resistance which is heated by the 
passage of the current to be measured, and the radiant 
heat from which falls on the thermoj unction of a Boys 
radio-micrometer.* As at first constructed, it consisted of 
a heating resistance made of three or four turns of 0.00 1 
inch diameter platinum-silver wire wound on a piece of 
mica, and placed as close as possible to the radiation 
receiving-plate of an ordinary Boys radio-micrometer, made 
by the Cambridge Scientific Instrument Company. This 
instrument was sensitive but exceedingly slow in action, 
taking over a minute to approximately attain the deflexion 
corresponding with the current flowing. 

"A new radio-micrometer was therefore constructed 
following the instructions given in Professor Boys' paper, 
but having a very much smaller suspended loop than the 
radio -micrometer as usually constructed. The radiation 
receiving- plate was also omitted in order to reduce the 
quantity of metal to be heated, and the heating resistance 
was placed directly underneath the lower thermojunction, 
so that the junction received heat from it both by radia- 
tion and convection. The arrangement of the instrument 
is shown diagrammatically in Fig. 62. 

"In the field between the pole-pieces N S (Fig. 62) of a 
permanent magnet is suspended by means of a quartz fibre 
a single-turn coil or loop of wire /, to the lower ends of 
which is fixed the thermocouple Bi, Sb. This loop is sur- 
mounted by a glass stem g and a mirror M. Below the 
lower junction of the thermocouple is fixed the heating 
resistance A, one end of which was connected to the frame 
of the instrument to avoid electrostatic forces. The action 
of the instrument is as follows. The current to be measured 
flows through h and raises its temperature, causing the 
lower junction of the thermocouple to rise in temperature 
above the upper, thus producing a current round the loop, 
which is deflected by the magnetic field against the torsion 
of the quartz fibre. 

♦ Philosophical Transactions of R,S.^ 1889, vol. clxxx. p. 159. 
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Fig. 63. 



"The data of the instrument 
are: — Resistance, 18 ohms; cur- 
rent to give 25 cm. at 100 cm. 
scale distance, 8 x io~* ampere ; 
P.D. to give 25 cm. at 100 cm. 
scale-distance, 14.4 x lO""^ volt. 

"So that, taking as before 
I cm. as the smallest measurable 
and 0.1 mm. as the smallest de- 
tectable deflexion, the smallest 
measurable current is 1.6 xio"^ 
ampere; the smallest detectable 
current is 0.2 x lO"* ampere ; watts 
required to produce smallest mea- 
surable deflexion, 0.46 micro- 
watt. 

" The deflexions of the instru- 
ment were nearly proportional to 
the square of the current ; assum- 
ing the instrument correct at 100 
divisions deflexion, then higher 
deflexions required to be increased 
by amounts gradually increasing 
up to between 4 and 5 divisions 
at a deflexion of 400 divisions, in 
order that the corrected deflexion 
might be accurately proportional 
to the square of the current 
flowing. 

"To give an idea of the time 
the instrument requires to take up 
the permanent deflexion corre- 
sponding with any current, Table 
I. is given below of the deflexions 
at different times after starting a 
current of 8 x io~^ ampere ; and 
after interrupting the same, to show 
the time required for the instru- 
ment to return to zero. From 
which it will be seen that the in- 
strument attains after 10 seconds 
its full deflexion to within i part 
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in 500, or as it is a square law instrument indicates the 
true current to within o. i per cent. 



"Table I. 



Time in Seconds 
after Starting a Deflexion in 

Current of Scale-divisions. 

8 X 10—* Ampere. 



5 
ID 

30 

60 

120 

180 



500.5 
501.0 
501.5 
502.0 
502.0 
502.0 



Time in Seconds 

after Interrupting 

the Current. 



5 
10 

30 
60 
120 
180 



Deflexion in 
Scale-divisions. 



1-5 
i.o 

05 
o 
o 
o 



"Table II. 

For deflexion of 25 cm. at 100 cm. scale-distance. 





Resistance 


Current 


1 

P.D. 


Power 


Instrument 


\n 


in Micro- 


in 


in 


Thermo-galvanometer, 


Ohms. 


amperes. 


Milli-volts. 


Micro- watts. 










gold heater - 


18 


800 


14.4 


II.5 


Thermo-galvanometer, 










platinum on glass 










heater - 


103 


346 


35.6 


12.3 


Do. do. 


202.5 


275 


55.6 


15-3 


Do. do. 


363 


231 


84 


19.4 


Do. do. 


1,071 


121 


130 


'5-7 


Do. do. 


3,367 


88 


296 


26.0 


Do. do. 


13,910 


31 


431 


13.9 


Ayrton-Perry twisted 










strip 


20 


22,000 


440 


9,680 



"This instrument, which forms practically a sensitive 
alternate-current galvanometer, worked very satisfactorily, 
even with the highest frequencies used of 120,000 - per 
second. As examples of its sensibih'ty, it may be mentioned 
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that on making a suitable noise into a Bell telephone-receiver 
sufficient current is generated to send the spot off the scale ; 
and that if the thermo-galvanometer be connected to the line 
wires of a microphone-transmitter arranged in the ordinary 
way, whistling at a distance of from 1 5 to 20 feet from the 
microphone will cause deflections of the instrument of 
several hundred scale-divisions. 

" A set of high-resistance heaters have been made and 
put in the above thermo-galvanometer, and the results 
obtained are given in Table II. The currents, P.D.'s, and 
power are those required to give a deflection \ the scale- 
distance, which forms a very convenient basis on which to 
compare square law instruments. I have also included 
the Ayrton-Perry twisted strip instrument in the table for 
comparison." 

The last class of thermal detectors or ammeters, which 
depend on the expansion of the heated wire itself, are so 
simple in construction and so like instruments that are 
already well known to electricians, that it is unnecessary to 
describe them here. They are not sufficiently sensitive to 
serve the purpose of detectors in long-distance transmission. 
The Duddell thermo-galvanometer, on the other hand, 
though somewhat slow in action, is comparable in sensi- 
bility with the coherer, and can be used in telegraphy over 
considerable distances. As the readings of a thermal 
instrument are proportional to the squares of the currents, 
it is clear that it is much more sensitive in the upper part 
of its scale than in the lower. 

On the whole, hot-wire detectors are not much used for 
actual telegraphic work, but almost all the measurements 
of the electrical energy concerned in the different processes 
of wireless telegraphy have been made by their aid. 
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CHAPTER VII. 
ELECTROLYTIC DETECTORS. 

Electrolytic detectors may be divided into two chief 
classes, both of which are in very common use in wireless 
tel^raphy. The first class is a type of anti-coherer ; /.^., 
the resistance is increased by the action of the jigs ; the 
second class is a species of intermittent electric valve, whose 
action resembles very closely that of the Wehnelt inter- 
rupter. Theory lags far behind practice in these matters, 
so the first thing to be done is obviously to give an 
unexplained description of the actual instruments. Of the 
first class the detector of Dr Lee de Forest is one of the 
best and most sensitive. 

It consists of a tube containing two metallic electrodes, 
with an electrolysable paste of litharge with glycerine or 
vaseline mixed with water or alcohol, and a few metal 
filings. On the application of a continuous E.M.F., from 
a local battery, in series with a resistance of 30,000 or 
40,000 ohms, a small continuous current passes through the 
paste, forming in it the fine crystalline structures usually 
called "lead trees." The aerial and earth wires are also 
attached to the terminals of the detector. On arrival of 
an electric jig the resistance momentarily increases, and the 
sudden change of current resulting is observed as a click 
in a telephone receiver in the local circuit. 

From microscopic observations, Dr de Forest discovered 
that the treelike crystals, which are formed by electrolysis 
from various metallic solutions, are broken up by the action 
of current jigs, but are immediately reformed by the current 
from the local battery. It seems probable that the tips of 
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the lead trees are melted or deflagrated by the oscillatory 
currents. The leaves of the trees are extremely thin plates, 
coming to very sharp points ; as therefore the resistance 
must be almost entirely localised at the tips of the leaves, 
a very moderate amount of current will be sufficient to fuse 

them and make the 
circuit discontinuous. 
The rapidity with 
which the circuit 
recovers continuity 
proves that the 
breaks in it must be 
very minute, the 
crystals growing 
again immediately 
under the influence 
of the constant volt- 
age applied by the 
local battery. This 
detector has been 
found to be exceed- 
ingly sensitive and 
quite reliable. 

The second prin- 
cipal type of electro- 
lytic detector has 
only a liquid be- 

FiG. 63.— Fessknden's Electrolytic Receiver, twecn the eleCtrOdeS, 

OK barreter. one at least of which 

A, Aerial ; B, Barreter ; £, Earth ; Ji, Battery ; - ,, 

C, Galvanometer or Telephone. mUSt be VCry Small. 

The best electrolyte 
for signalling purposes appears to be nitric acid. A battery 
and a telephone receiver are put in series with the detector. 
If the terminals of the detector are also connected to air and 
earth wires, signals may be received as with other forms of 
detector. The invention appears to have been made inde- 
pendently by Fessenden, Ferric, Schloemilch, and Vreeland. 
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The thing is practically a small Wehnelt interrupter, in 
which the applied voltage of the battery is too small to 
maintain an appreciable current without the assistance of 
the electric jigs. A Wehnelt break will not start work un- 
less there is a certain minimum inductance in circuit This 
condition means that the break will not start unless the 
electricity is surging to and fro, since the effect of put- 
ting inductance in a circuit is to make such revibration pos- 
sible. Under these conditions quiet electrolysis of the 
liquid gives place to a much larger but intermittent current, 
suitable for use in the primary of an induction coil. Per- 
haps the theory which best suits both cases is, that the 
surges destroy the " polarisation " of the cell, and thus allow 
a sudden rush of current from the battery which shortly 
fails again owing to reformation of the film which constitutes 
" polarisation.*' The sudden stoppage produces again elec- 
trical surges in the circuit if the total resistance be low, as 
in the Wehnelt break, which again destroy the polarisation. 
In the detector, or barreter, as Professor Fessenden calls it, 
the applied voltage is not high enough to keep up the inter- 
mittent current by causing surges in the circuit when it 
stops and starts, the current therefore only flows when surges 
are impressed upon it by an outside agency, />., the jigs 
transmitted to the detector by the aerial and earth wires. 

There has been considerable difference of opinion as to 
the mode of action of these detectors. Professor Fessenden 
holding that it is due to variation of the resistance of the 
electrolyte through heating by the current, while others 
speak of " polarisation " as the only cause. One difficulty 
in deciding between the claims of the rival theories is the 
vagueness of the knowledge which we have of the actual 
mechanism of polarisation ; also it must be observed that a 
thin film of vapour produced by heat, and not electrolysis, 
would appear to be equally effective in increasing the resist- 
ance, and may account for the action of the Wehnelt break. 
It seems possible that the actual molecular process in the 
barreter may be otherwise explained by taking into account 
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Dr H. S. Sand's observations on the rapid increase of resist- 
ance which takes place at an electrode very shortly after a 
direct current is started in an electrolyte. Dr Sand * has 
shown that even in a cell in which polarisation does not, 
under ordinary conditions, occur, the resistance of the layer 
of electrolyte nearest to the electrode is much less at the 
commencement than it is when a steady state has been 
attained, and he has proved that this rise of resistance is 
due to the layer next the electrode becoming partially 




Fig. 64.— Vacuum Valve used to Rectify Electric Oscillations and render 

THBM DbTECTABLE IIY AN ORDINARY GALVANOMETER, G. 

(From " Electric Wave Telegraphy," by kind permission of Prof. Fleming and Messrs 
Longmans, Green, & Ca) 

depleted of the ions which were in it before the E.M.F. was 
applied. In the barreter this action must be superposed on 
any others which are taking place, and may be the most 
important of them all. The jig voltage, by creating ions 
may cause increased conductivity, which is immediately 
lost by continued application of the steady voltage of the 
local circuit It is thus possible that the phenomenon may 
be explainable without reference to films of gas or even 
temperature variations of resistance. 

* Proc, Faradtiy Soc, vol. i. p. i, 1904, 
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This type of detector is very sensitive, and is in use in 
many wireless telegraph stations in all parts of the world. 



FlemingTs Hot 
Carbon Rectifier- 
Professor Fleming 
discovered in 1890 
that a current will 
pass with ease from 
the glowing filament 
of an incandescent 
lamp to another con- 
ductor in the bulb. 
If the second conduc- 
tor be a piece of metal 
the current will pass 
from the metal to the 
carbon through the 
space only when the 
positive terminal is 
connected to the 
metal and the nega- 
tive terminal of the 
cell to the negative 
end of the battery 
which heats the car- 
bon filament The 
arrangement is thus 
a rectifier, ;>., if an 
alternating voltage be 
applied to the termi- 
nals, an intermittent 
current in one direc- 
tion only will be 
transmitted. The ap- 
paratus may be used to detect oscillatory currents by means 
of an ordinary galvanometer, as under favourable circum- 
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Fig. 65.— Orling and Armstrong Capillary 
Receiver :— Adapted Form of Lippmann's 
Electrombtbr. 

At Glass tube endinK in fine point, filled with mer> 
cary ; B, U*tube with roercuiy : — dilute acid at 
D ;^ Cf C, Platinum wires connecting mercory with 
aerial and earth ; F, F, rods for regulating mer* 
cury level 
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stances, e.g,^ when the carbon filament is giving light at the 
rate of about one candle per three watts and the metal con- 
ductor is cool, the rectification is stated to be from 80 to 85 
per cent. 

Armstrong and Orling Electro-capillary Detectors. 

— Messrs Armstrong and Orling have shown that a capillary 
electrometer of Lippmann's invention may be used as a 
detector of jigs. A glass tube, drawn down to a very fine 
bore at one end, dips into a wider tube. Mercury is put in 
the wide tube with dilute sulphuric acid on top of it 
Mercury is also put in the upper and wider end of the fine 
tube, but does not run out at the bottom because of its sur- 
face tension. The lower end of this tube dips into the sul- 
phuric acid in the wide tube, and by forcing the mercury 
down the upper tube and allowing it to retract, the air in 
the upper tube is driven out and the acid electrolyte be- 
comes continuous between the mercury electrodes. Very 
minute changes of voltage will cause an alteration of the 
surface tension of the mercury, and produce a motion of the 
column in the fine tube, which is easily observable by means 
of a magnifying glass, and may be recorded photographi- 
cally or otherwise. 

I have included the above descriptions in order to show 
by what a large variety of means it is possible to detect 
electric jigs. Success in wireless telegraphy, then, depends 
much more on the proper adaptation of the detector, of 
whatever kind it may be, to the rest of the apparatus, than 
on the actual species of detector used. 
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CHAPTER VIII. 

THE MARCONI SYSTEM. 

Without going into questions of priority of invention, we 
shall comnnence our description with Marconi's system, as 
it was probably the first open-circuit telegraph in com- 
mercial use. Already, in Chapter II., the general principle 
of the original invention has been described ; we must now 
go into details of the more modern apparatus. 

The more important improvements embodied in recent 
installations are (i) the receiving transformer, or jigger ; (2) 
the adoption of Tesla's method of producing long trains of 
oscillations of high frequency and voltage; and (3) the 
magnetic detector. Other improvements consist in methods 
for the employment of an alternator of considerable size in 
place of the modest induction coil, and in various combina- 
tions of inductances and capacities for the purpose of render- 
ing the receiver responsive to jigs of a definite frequency 
only. Similar additions have been made to the apparatus 
employed in almost every other system. The questions of 
priority of invention have not in most cases been settled by 
the courts as yet. Many difficulties have also occurred on 
account of the enormous power of the spark in a large 
station, for though the total amount of energy sent out at 
each spark may be comparatively small, perhaps only a few 
foot-pounds, the time is so short that the activity during the 
existence of the spark is very great. In a small station 
which sends out about one foot-pound of energy per spark, 
the horse-power during the spark is about 300 ; in a larger 
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Station it is proportionately greater, probably amounting to 
tens, or even hundreds, of thousands of horse-power. This 
high rate of working, though only momentary, requires that 




Fig. 66.— Arrangement of Receiving Apparatus in Marconi System of 
Syntonic Wireless Telegraphy. 



A, Antenna ; £, Earth-Plate ; /-', e*i Tuning Inductance ; y , y**, Jigger ; j^. Jigger Con- 
denser; c\ c*, Choking Coils; 7*, Sensitive Tube, or Coh 
Battery. 






elay; B^ 



(Note.— Figs. 66 and 67 are inserted by kind permission of Prof. Fleming and Messrs 
Longmans, Green, & Ca) 

conductors and insulators alike should be of special designs 
best suited to the new conditions. The determination of 
the proper forms for the multifarious apparatus necessary 
has been a cause of delay in the completion of some of the 
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larger stations to an extent which was not foreseen. The 
preliminary difficulties have, however, been got over satis- 
factorily, and for some time past the transmission of mes- 
sages over distances of at least two thousand miles has been 
carried on with regularity. Fig. 66 shows diagrammatically 
the arrangement of the receiver in a modern long-distance 
station on the Marconi system. 




3^ ^ ^^f^^MeD"' ^ 



Transmitting Station. 



Receiving Station. 



Fig. 67.— Arrangement op Transmitting and Receiving Apparatus in Marconi 
System op Multiple Syntonic Wireless Telkgrai'hy. 



Among other details of the apparatus an important one 
is the sending key patented by the Marconi Company, in 
conjunction with Mr Andrew Gray. In dealing with the 
large alternating currents in use at the larger stations it 
was clearly impossible to use an ordinary Morse key for 
transmitting on account of the arc which may be formed 
between the contacts. To obviate this difficulty the key 
shown in Fig. 68 was designed. It is constructed so as 
to allow of the contact being broken only at a moment 
when the instantaneous value of the current is zero. As 
this occurs perhaps a hundred times every second the actual 
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break does not lag appreciably behind the movement of 
the handle by the operator. The contacts are held together 
by an electro-magnet actuated lyy the alternating current, 
and therefore are only free to separate at the moment when 
the value of the current is zero, which happens twice 
during every alternation. 

The spark itself was at first the cause of much trouble 
in high power stations, the great heat generated producing 
pits in the metal of the discharging balls at the point where 
a spark took place. The deafening rattle of the discharge 
was also very trying to the operators. To obviate both 
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Fig. 68. — Gray's Sending Key for ALiEKNAroR Circuit (Marconi Company Patent). 

A, Alternator; ^.Electro-magnet; C, Circuit-making Contacts; A', Handle of Key. 
The contact C is only broken by the action of the spring at the moment when the 
ma^etic attraction of M, and therefore the main current, h zero, thus avoiding 
arcing. 



difficulties Professor Fleming designed a cast-iron box in 
which the spark balls were placed, being mounted so that 
they could be kept in rotation by a motor outside the box. 
The box was filled with compressed air to increase the 
efficiency of the spark in producing oscillations. The 
principle of the apparatus, except in regard to the revolv- 
ing balls, is the same as that of Mr Fessenden's earlier 
American patent. 

The outside gear at a large station is shown in Fig. 69. 
The pyramidal aerial depicted, though of large capacity 
and convenient shape, has the disadvantage that the waves 
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from one side interfere to some extent with those from the 
opposite side, since their phases on arriving at the receiver 
are slightly different. This was pointed out by Dr de 
Forest, who found that a fan-shaped aerial radiates much 



Fig. 69.— Marconi Station at Glace Bav, 

more strongly in a line perpendicular to its plane than in 
the plane itself, and that the same is true as regards absorp- 
tion of jigs by a fan-shaped aerial at a receiving station. 
We shall return to this matter in Chapter XV. 

K 
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Fig. 71. 




Fic. 79. 

Diagram Showing the Connections in Marconi's X«Stopper. 

fr , Receiving Antenna ; ;*, Inductance Coil with Sliding Contact, h ; f , Condenser ; 

<". <i% J'Kger »n Cymoscope ;/, /, Earth-Plates. 
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Another improvement in the Marconi system is the 
X-stopper, an instrument which is intended to transmit 
only jigs of a definite frequency from the aerial and earth 
terminals of the receiver to the detector. This is accom- 
plished by making two earth connections to the aerial. 
One of these, which contains much capacity and inductance, 
and has therefore a definite frequency of vibration, is the 
receiver circuit ; the other earth wire has very little capacity 
or inductance, and will therefore conduct jigs of any period 
as forced vibrations. If jigs having the proper frequency 
are received on the earth and aerial wires, they cause the 
receiver circuit to revibrate, and are recorded in the in- 
struments ; if disturbances of any other frequency arrive 
they do not go through the receiver circuit, but pass between 
the earth and aerial by the second wire whose electrical 
inertia is so much smaller. 

The best results are obtainable by using a number of 
the capacity and inductance vibrators in series, each with 
its proper earth wire, the receiver being on the last vibrator, 
as in Figs. 70-72. 

The X-stopper (which means the stopper of stray waves 
or X's) should be compared with Slaby's aerial and syn- 
tonic horizontal wire with two earth-plates, which it re- 
sembles. Other arrangements of capacities and inductances 
for a similar purpose have been patented by Professor 
Fessenden and almost every inventor in wireless tele- 
graphy. The magnetic detector and other improvements 
now embodied in Mr Marconi's system have been already 
described.* 

♦ For further details of the Marconi system the reader is referred 
to "The Principles of Electric Wave Telegraphy,** by Prof. J. A. 
Fleming (Longmans). 
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CHAPTER IX. 

THE LODGE-MUIRHEAD SYSTEM, 

Sir Oliver Lodge, realising more fully than other 
inventors the importance of having the transmitter and 
receiver of the same natural frequency, patented in 1897 
a system of syntonic wireless telegraphy. The apparatus 
was based directly on Hertz's radiation experiments, and 
on his own resonating circuits and point coherer. 

In Chapter II. a sketch has been given of the earlier 
forms. I shall now describe very fully the system now in 
use commercially in many parts of the world, availing 
myself (through the courtesy of the Lodge - Muirhead 
Syndicate and the proprietors of the Electrician) of the 
subjoined description by Mr H. C. Marillier, which appeared 
(in substance) in the Electrician of 27th March 1903. 

Mr Marillier commences his paper with a brief reference 
to the preliminary tests to which the system of wireless 
telegraphy devised by Sir Oliver Lodge and Dr Alexander 
Muirhead had been subjected, with the result (he says) 
that the inventors now feel justified in offering it as a 
real advance upon any of the systems hitherto put forward, 
as regards clearness and accuracy of signalling. 

" This claim," he goes on to say, " is well borne out by 
the accompanying specimen of script (Fig. 73), taken under 
ordinary working conditions from a siphon recorder coupled 
directly to a new pattern of coherer without any relay and 
without any tapping back apparatus, a simplification which 
in itself constitutes a marked and definite improvement. 
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"The fundamental patents on which the 
Lodge-Muirhead system depends were taken 
out for the most part in 1897, and provide 
for the following essentials : — 

" I. The combination, in the transmitting 
and receiving circuits, of two capacity areas 
and an inductance coil, as a vital element 
in a syntonic system of wireless telegraphy. 
The capacity areas may be regarded as the 
two coats of a Ley den jar spread out in 
•^ S space, one of them being suspended in the 
i air and the other near the earth, in fact, 
^ the earth itself if desired. Between them is 
S situated the spark-gap, and between the 

spark-gap and the lower capacity area is 

1 the inductance coil as well as a condenser, 
I? both being adjustable (Fig. 74).* The pur- 
1: pose of these is to prolong the electrical 
I oscillations, and by means of their adjustment 
> to tune the radiator to any desired frequency 
S or pitch, and thus render syntony in the 
I receiver possible. Sir Oliver Lodge's main 
* idea in regard to transmission has always 
J been to obtain a succession of true waves 
i of definite frequency, the cumulative influ- 
g ence of which will produce a perceptible 
M effect on a suitably tuned receiver, no matter 
< how feeble the waves may be, after the 
i, well-known principle of sympathetic reson- 
J ance. This action is illustrated electrically 
^ in Sir Oliver Lodge's old experiment of 

the syntonic Leyden jars, in which the 
closed circuit of one jar responds to the 
other, so that the jar overflows or gives 
Ki other signs of having become charged when- 

ever discharge occurs in the second through 
its own distinct, similarly tuned circuit The 
adjustability of the inductance and con- 



.Ni 



♦ In Figs. 74-77, and 83-85, the top connection a 
leads to the upper, and that from x or ^, to the lower 
insulated capacity area of the oscillator. 
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denser render it further possible to tune the two circuits 
in such a way that they shall be protected against certain 
kinds of specified outside interference ; but for very close 
tuning of this kind more elaborate devices are necessary, 
which will not be entered into in the present article. 



c 




KiG. 74.— Oi'EN Sending Circuit. 



Fig. 75.— Closed Sending Circuit. 
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Fio. 76. — Open Receiving Circuit. 



Fig. 77.— Oi'EN Receiving Circuit. 



" 2. The second point claimed by the inventors is the use 
of a transformer, or ironless induction coil, in the receiving 
circuit (see //, tSy Fig. 76). This device is probably essential 
in all long-distance wireless telegraphy, and should disputes 
arise at any future time as to the claims of individual 
inventors, it is a feature which might conceivably be fought 
over. Its purpose may be described briefly as tending 
to magnify the E.M.F., and putting the coherer into a 
second circuit, instead of in direct series with the vertical 
collecting wire and the lower capacity. The passage in 
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which this transformer claim occurs is as follows, and may 
be found in Sir Oliver Lodge's patent, No. 11, 575 of 
1897:— 

" • In some cases I may . . . surround the syntonising coil 
of the resonator with another or secondary coil (constituting a 
sort of transformer), and makes this latter coil part of the 
coherer circuit, so that it shall be secondarily affected by the 
alternating currents excited in the conductor of the resonator, 
and thus the coherer be stimulated by the currents in 
this secondary coil, rather than primarily by the currents in 
the syntonising coil itself; the idea being thus to leave the 
resonator freer to vibrate electrically without disturbance from 
attached wires.' 

" The illustration which accompanies this description in 
the specification definitely indicates the transforming-up 
and magnification of the E.M.F. 

" 3. The use of a condenser shunt (x^ in Fig. 76) in the 
coherer circuit, such as will enable that circuit to have a 
definite time period, as described in the Lodge-Muirhead 
patent, No. 18,644 of 1897. The addition of the condenser 
as a shunt eliminates the.battery and receiving instrument 
so far as oscillations are concerned, and is regarded by the 
inventors as a feature of great importance. This, as well 
as the transformer, has been adopted in principle by other 
workers, and a common modification of it is to divide the 
secondary of the transformer in two parts and place the 
condenser between them. In the Lodge-Muirhead patent, 
No. 29,069 of 1897, the condenser is shown placed between 
the lower or earth capacity and the syntonising inductance 
coil described in i. In practice, when a transformer is 
used, it has been found best to have two condensers, the 
one described, and another in the secondary transformer 
circuit (see Fig. 76). 

" The last-mentioned patent also provides for enclosing 
the coherer in a completely closed metal case, a precaution 
which, in the practical development of the system, is supple- 
mented by a device which automatically short-circuits the 
coherer whenever the connections are switched from the 
receiving on to the sending apparatus. 

"Besides these more or less essential features of the 
system. Sir Oliver Lodge and Dr Muirhead have introduced 
a number of detailed changes into the apparatus which tend 
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to simplify or to improve the working. The most important 
of these is the new coherer. Up to a short time ago the 
inventors thought that they had reached the desired point 
of perfection in a filings-tube coherer fitted with two needle 
points in place of the usual plugs or knots, the tube being 
tapped by a constantly working clockwork tapper as shown 
by Sir Oliver Lodge in 1894, There are certain disadvan- 
tages, however, attendant upon all coherers in which metal 
filings are employed. They require a special and carefully 
adjusted apparatus for tapping back, and many of them are 
capricious in working and liable to fatigue. The new 
coherer introduced by Lodge and Muirhead requires no 
tapper, but is kept perpetually sensitive by the rotation of 
a small steel disc just separated from a column of mercury 
by a film of mineral oil. The impulse of electric oscillations 
breaks down the oil film and establishes momentary 
cohesion between the steel disc and the mercury. The 
coherer, without its metal case, is shown in Fig. 78, and its 
construction in Figs. 79 and 80, in which a is the rotating 
steel wheel, and b the mercury in its trough d, with an 
amalgamated spiral of platinum wire r, connecting it to the 
terminal or binding screw h, ^ is a copper brush making 
connection with the steel disc a^ through its axleyl /is a 
spring carrying a small cushion of felt k^ which rests lightly 
on the steel disc for the purpose of keeping its edge clean 
and free from dust before and after contact with the 
mercury, g are ebonite wheels which gear the steel disc to 
the clockwork movement actuating the siphon recorder, to 
the side of which the metal case containing the coherer 
is fixed. 

" The coherer, as already mentioned, is placed directly 
in circuit with a siphon recorder, without the interposition 
of any relay, and is connected also with a potentiometer for 
the purpose of regulating the P.D. at its terminals from 
0.03 to 0.5 volt, according to circumstances. The coherer 
is so sensitive, when the wheel is rotating with moderate 
speed, that the application of a whole volt is sufficient to 
break down the film of oil and establish coherence. Hence 
only a fraction of a battery must be used, with the rest of 
the circuit of appropriate low resistance ; and it can readily 
be understood how the slightest electrical surging, produc- 
ing any electrostatic effect whatever, is sufficient instantly 
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Fig. 78.— Coherer. 





Sectional Elevation 

Figs. 79, 80.— Coherer, in Elevation and Plan. 
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to break down the film, 
start the connection, 
and give the required 
signal. It is difficult 
to suppose that any 
recording instrument 
operating electrostatic- 
ally can be more sensi- 
tive and more trust- 
worthy than this simple 
device. 

" The transmitting 
circuit in an ordinary 
open system consists 
essentially of an ele- 
vated capacity, prefer- 
ably a large globe or a 
roof, although in gene- 
ral practice a wire cage 
arrangement, offering 
as little resistance as 
possible to the wind, 
may be used (see Figs. 
86 and 88 to 91). 
From this capacity 
hangs the vertical wire, 
which is brought into 
the operating room 
and connected to one 
knob of the spark-gap. 
The inductance coil 
and condenser are con- 
nected in series with 
the other knob, and a 
lead is then taken out- 
side again to the second 
capacity. The system 
also includes a Ruhm- 
korff coil for giving the 
sparks, and a battery 
of five cells, more or 
less, which is replaced 
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for long-distance work by an alternator. Various open and 
closed methods of making the connections are shown in 
Figs. 74. 75, 83, and 84.* 

" The signalling apparatus consists either of a specialised 





Fig. 83.— Another Form of Closed 
Sending Circuit. 



Fig. 84.— Another Form of Closed 
Sending Circuit. 




Fig. 85. — Closed Receiving Circuit with Transformer. 



Morse key, worked by hand, or, what is a distinctive feature 
of Dr Muirhead's improvements, an automatic signalling 
machine used in conjunction with a perforator of special 
pattern. In either case the local signalling circuit, as 

* See foot-note on page 149. 
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arranged by Dr Muirhead, contains a transmitter designed 
to open and close at a definite rate the primary of the 
induction coil. This instrument, which is shown in Fig. 81, 
and more graphically in Fig. 82, is made up of two tele- 



Upper Copoci^ Areo 




Fig. 86.— Issulatbd Capach v Areas forming Oscillator as used ix 1907. 
(Illustration kindly lent by the Lodge-Muirhcad S>7idicatc.) 

graphic sounders cross-connected in such a way as to act 
reciprocally. An aluminium arm fitted with a copper rod 
dipping into mercury is attached to the armature of the 
second sounder, and the rapid make and break between 
the copper rod and the mercury (about 6oo times per 
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minute) serves to fix the frequency of the sparks. The 
apparatus is known as a " buzzer," and its function is, 
during the holding down of the Morse key, to cut up the 
long-continued contact into a rapid succession of sparks, 
without any attention on the part of the operator (save in 
so far as he may first adjust the armatures of the sounders, 




Fig. ga.— Details op Receiving Apparatus. 
(Compare with right half of Figs. 88-91.) 

or the length of dip in the mercury, to suit conditions), so 
that all he has to do is to signal shorts and longs in the 
usual telegraphic manner. These are translated by the 
" buzzer " into the requisite mode of disturbance for spark- 
signalling, and are translated back by the recorder into 
signals of long and short duration on the tape (see specimen 
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of script illustrated). If the rapidity of the sparks is 
insufficiently great, the signal becomes a broken or wavy 
line, and not a steady deflection ; but if the rapidity be 
increased, the waviness disappears, and the recorder needle 
is simply held over, giving a steady long deflection to 
represent a dash, and a momentary one to represent a dot 
This steadiness of deflection, though pleasing to the eye. 



Fig. 93.— Back View of Receiving Apparatus. 

A', Recorder ; L, Coherer ; M, Clockwork; N, ChangeH)ver Switch ; O, Potentiometer 

f, Transformer. 

is not actually essential to the reader who, with a little 
practice, can decipher the signals equally well when the 
sparks are so slow that three separate impulses or deflec- 
tions represent a dash and one a dot. It may be observed, 
however, that the new coherer, in combination with a 
recorder, follows every fluctuation and peculiarity of the 
received waves, and indicates any inequality and uncer- 
tainty which may occur in the sparking transmitter. This 

L 
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method of reception is far preferable to one which acts only- 
through the intervention of a contact-making relay, and is 
convenient for studying the changes which are brought 
about by every variation in the mode of signalling. If the 
signals are coming with irregular amplitudes, the legibility 
can be improved by limiting the excursion of the siphon 
recorder by the insertion of a stop, against which it shall 
strike, and be held over by a definite amount at each signal. 
" The direct application of ordinary telegraphic signal- 
ling apparatus, both at the sending and receiving ends, is 
one of the most valuable features of the Lodge-Muirhead 
system, and is chiefly due to Dr Muirhead, who, indeed, 
foresaw its possibility as early as 1894, when Sir Oliver 
Lodge first demonstrated his early experiments before the 
Royal Institution." 

Through the kindness of the proprietors of the 
Electrician I am enabled to make the following excerpts 
from the report of Mr M. G. Simpson, Electrician to the 
Indian Government Telegraph Department, on the estab- 
lishment of wireless communication between Burma and 
the Andaman Islands. The report (dated 21st December 
1905) forms an interesting record of a successful installa- 
tion under all the adverse conditions of a tropical climate, 
and is a testimony to the practical value of the Lodge- 
Muirhead system : — 

"Towards the end of August 1904 operations com- 
menced for linking up the Settlement of Port Blair in the 
Andaman Islands with the general telegraph system of 
India by establishing wireless telegraph stations at Port 
Blair and at Diamond Island, which is already connected 
by a short cable to the mainland. The distance to be 
spanned is 305.2 miles. Between Port Blair and Diamond 
Island is situated Table Island, on which is a lighthouse 
and close to which ships pass on the voyages Rangoon 
and Colombo, and Calcutta to the Straits. It was 
therefore decided to take the opportunity of establishing 
a station on Table Island which it was hoped would prove 
useful to the shipping and to the Meteorological Depart- 
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ment This distance from Diamond . Island to Table 
Island is 130.2 miles, and from Table Island to Port Blair 
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Fig. 94.— Map Showing Stations for Wireless Tblbgraphy between Andaman 
Islands and Burma. 

177.5 miles. A map is attached (Fig. 94) which shows the 
positions of the stations. 

"The system chosen was the Lodge-Muirhead, with 
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which we had already experimented for three months in 
the early part of 1904. For this system four masts are 
required at each station, and as the distance to be spanned 
was over 300 miles, it was thought advisable to use 150 
feet masts. 

" I left Calcutta on 8th October 1904, with Mr J. N. 
Parker, assistant superintendent, one signaller, and native 
staff. By the same steamer went the three masts and all 
instruments and stores required for the station at Port 
Blair. The steamer arrived on nth October, and the 
erection of the masts and fitting of the station was pro- 
ceeded with at once. 

" The Chief Commissioner placed at my disposal for the 
erection of the masts the services of Mr Bonig, assistant 
harbour master, with the requisite convict labour. The 
work was carried out by him with great expedition, and 
all four masts were erected complete by 28th October. 
The engine and dynamo were then fixed in position in 
their tent and the charging of the batteries started. The 
whole station was completed on nth November and 
worked well with a temporary station erected on R.I.M.S. 
"Minto," which was lying up the harbour and was 
separated by a fair-sized hill. 

" Leaving Mr Parker in charge of operations at Port 
Blair, I left on 7th November for Diamond Island, where 
I arrived on the 13th. The installation here was com- 
pleted on 20th November, and attempts were made to 
communicate with Port Blair from the 20th to the 23rd, 
when a small motor broke down. As the wave measurer 
expected from England had not yet arrived, we were not 
in a position to tune the stations accurately, and could 
scarcely hope to attain success. 

" I left Diamond Island on 2Sth November for Rangoon 
in order to take masts and stores to Table Island and to 
select the site for the installation. We arrived at Table 
Island on the morning of 30th November, and remained 
two days landing the stores. Having regard to the dis- 
position of the neighbouring Cocos Island, it appeared 
desirable to place the wireless installation as much to the 
west as possible. With this object I decided to place the 
station, not on Table Island at all, but on Slipper Island, 
which is a quite small island just to the west of Table 
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Island, and connected to it at low water by a narrow strip 
of land. Having selected the site for the masts, I returned 
to Diamond Island, arriving on 2nd December, accom- 
panied by Mr C. Landon, assistant superintendent, who 
had joined me in Rangoon. 

"We now continued trials between Diamond Island 
and Port Blair, and though we got occasional signals, we got 
nothing readable till the early morning of 22nd December 
1904, when for ten minutes we received the first readable 
signals from the Andaman Islands to Burma by wireless 
tel^raphy. Considering that the distance between these 
stations is 305.2 miles, and the power used was 36 volts 
and about 15 amperes, or only a little over ^ H.P., this 
result is a remarkable proof of the efficiency of the Lodge- 
Muirhead system. 

"Experiments on the direct circuit from Diamond 
Island to Port Blair could not at this time be continued, 
as Mr Parker left Port Blair on the 22nd to come to take 
charge of the station at Diamond Island while I went to 
Table Island to complete the installation on Slipper Island. 
Mr Landon accompanied me, and we arrived at Table 
Island on 28th December. 

"There is no landing place for a boat on Slipper 
Island. There are two landing places on Table Island, 
one on the south side, to be used during the north-east 
monsoon, and one on the north side, to be used during the 
south-west monsoon. The landing is very difficult in the 
bad weather, and often in the monsoon is impossible. 
Our stores were all landed on Table Island, and had to be 
carried across to Slipper Island when the tide permitted. 
The masts for this station had already been erected, and 
the aerial was put up and all the instruments installed by 
nth January. On 12th January messages were exchanged 
with Diamond Island, and communication established. 
This circuit continued to work well till the middle of May, 
when an important piece of machinery broke down which 
could not be repaired till towards the end of June. 

" I left Table Island on 17th January, leaving Mr 
Landon in charge of the Slipper Island installation. I 
arrived at Diamond Island at 7 A.M. on the morning of 
the 1 8th. The wave measurer had at last arrived, and I 
had just time to measure the tune of the aerial on Diamond 
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Island before the steamer left at lo a.m. for Port Blair, 
where we arrived on the 19th. 

" On 30th January we were able to receive the signals 
both from Diamond Island, 305.2 miles, and from Slipper 
Island, 177.5 miles, at Port Blair, but those offices were at 
this time unable to receive the signals from Port Blair, 
though they were in communication with each other. 

" It now only remained to put in at Diamond Island 
and Slipper Island the same tuning apparatus that we 
had installed at Port Blair. Mr Shields took the first 
available opportunity of proceeding to Diamond Island, 
where he arrived on 9th February, and on loth February 
1905 direct communication from Port Blair to Diamond 
Island was established, a number of messages being ex- 
changed on that day. From this date on, communication 
had been kept up continuously, with the exception of 
certain interruptions to be mentioned hereafter, and the 
amount of traffic exchanged has been considerable, as 
will be seen from the statistics appended. 

" At this time we were using for sending a 20-inch induc- 
tion coil worked from an accumulator battery, but it was 
not expected this would prove powerful enough for con- 
tinuous work, and 3 H.P. engines with alternators and 
transformers had been telegraphed for. For receiving we 
used telephones operated by carbon steel coherers. At 
first, on the circuit Slipper Island to Diamond Island, we 
used the Lodge-Muirhead coherer, operating a syphon 
recorder and giving signals on a tape, but our signallers, 
being always accustomed to read by sound, much pre- 
ferred to read from the telephone, and the signals in a 
telephone operated by a carbon steel coherer were preferred 
by them to those in a telephone operated by the Lodge- 
Muirhead coherer. 

" On 20th February the new 3 H.P. engines with alter- 
nators and transformers sent out by Messrs Muirhead & 
Co. arrived in Rangoon, and arrangements were made to 
get them out to the three wireless stations as soon as a 
steamer was available. They were landed at Diamond 
Island on 4th March, Slipper Island on the 5th, and Port 
Blair on the 6th. The engines and alternators were set up 
and running at Diamond Island on 6th March, and Port 
Blair on the 10th, and a marked improvement at once 
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resulted in the signals, both on account of the increased 
loudness and improved tone. 

" About this time occurred the first serious interruption. 
Diamond Island was unable for four days (loth March to 
13th) to read the signals from Port Blair owing to atmo- 
spheric disturbances. During this time Port Blair was able 
to read Diamond Island signals quite well ; but on a 
previous occasion (6th March) the reverse was the case, 
Diamond Island being able to read the signals from Port 
Blair, but Port Blair could not read the signals from 
Diamond Island. No serious trouble in working was ex- 
perienced during the rest of March, but it was noticed that 
atmospheric disturbances came on nearly every afternoon, 
often making work difficult 

** Since April statistics were kept of the traffic ex- 
changed ; and a copy of the records for the months of 
April, May, and June is appended. The installation was 
only opened in a limited degree for State traffic, and the 
actual number of messages tendered and dealt with in 
April was only fifty-five sent from Port Blair, and thirty- 
nine received for Port Blair, but a great deal was sent in 
addition to these messages, and the traffic during the 
month amounted to nearly io,cxxD words, and more could 
easily have been done had it been required. It will be 
noticed there were no interruptions during the month of 
April. During the month of May traffic exchanged 
amounted to nearly 14,000 words. The traffic during July, 
August,*September, October, and November has amounted 
to 18,542, 21,286, 21408, 27,398, and 26,938 words of actual 
messages. More could, of course, have been dealt with 
had it been tendered. 

** It appears certain that atmospheric disturbances are 
more prevalent at Diamond Island than at Port Blair. 
The interruptions, however, to communication caused by 
them would have been greatly reduced, both in frequency 
and duration, if everything had been nice and quiet. Up 
to nearly the end of June the apparatus at Diamond 
Island was installed in a tent, and there is no doubt the 
signallers had to work under very great disadvantages. A 
perfect din was caused by the public works party erecting 
the permanent office building, which is fortunately com- 
pleted now. 
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" Just as a land line is subject to occasional interruptions 
from falling trees, floods, and other physical causes, so a 
wireless installation of whatever system is subject to 
occasional interruption from electrical causes. And as in 
the former case experience has shown us how to so improve 
the methods of construction and maintenance of the land 
lines as to minimise the interruptions in number and dura- 
tion, so it is to be expected that experience will show us 
how to improve our methods of wireless telegraphy to 
attain a similar result. 

" The present installation we have must be regarded as 
being as fully reliable as an ordinary land line of about 
300 miles erected through forest, and it could, I think, 
successfully challenge comparison with any other wireless 
installation of similar length in respect to regular continu- 
ous work. 

" It may be of interest to note that the usual speed of 
working is from seventeen to twenty words per minute. 
In fact, it is limited only by the skill of the operator." 
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CHAPTER X. 

THE FESSENDEN SYSTEM, 

Professor Fessenden commenced in 1897 the develop- 
ment of the system which is now the property of the 
National Electric Signalling Company. For two years he 
was engaged by the United States Government for special 
research in the subject, and had the advantages of all the 
resources of a Government department at his command. 
His inventions are ver>' numerous and, in many respects, 
original, and his results show a precision and practicality 
not attained by many other experimenters in the same 
field. 

Magnetic, thermal, and electrolytic detectors, methods 
of exact tuning, and even wireless telephony are covered 
by Mr Fessenden's patents. Among these perhaps that 
which has contributed most to the success of the system is 
the barretter. In its original form this was a thermal 
receiver, depending for its action on the change of resist- 
ance in a very fine platinum wire when carrying the jig 
current. Latterly the continuous wire has been discarded 
in favour of an electrolytic cell, one electrode of which is 
an extremely fine point. The apparatus has been described 
more fully in Chapter VII. An important feature of this 
system which greatly aids secrecy of transmission is the 
arrangement of the sending key which does not break the 
circuit, but merely alters the wave-length of the waves 
given out by cutting out some inductance. Thus, unless a 
receiving station is tuned with extreme accuracy to the 
transmitter, it will receive instead of signals only a long 



Digitized by LjOOQIC 



I/O 



WIRELESS TELEGRAPHY. 



C Fig. 95.— Aekiai. CoMitcroR (415 fcei high), FK«isE.\DEN System, at Machrihanish, 

A Steel Tube braced by steel wire guys divided by insulators into so-Cset sections. Capacity 
increa-Hcd by network nupported by branches near top of tulx:. 
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continuous dash, hence only a very sharply tuned receiver 
will receive a message at all. In the latest forms of 
apparatus the difference in frequency between the waves 
sent out during spaces, and those sent as signals is only 
\ per cent. ; interception by rivals is therefore almost 
impossible. Mr Fessenden is apparently the first to use an 
aerial consisting of a steel tube standing on an insulating 
foundation and held in position by insulated stays. Figs. 
95> 96, and 97, which have been made from photographs 
kindly lent me by the National Electric Signalling Com- 
pany, show the aerial and details of the network of earth 
wires, or " w^ave chute " at Machrihanish. When it is 
mentioned that the distance between successive insulators 
on each stay is 50 feet, the great dimensions of the tube 
will he more easily realised. 

Many of the more recent improvements cannot be 
described in detail owing to the fact that the patents are 
not yet published. As, however, it is frequently of greater 
practical utility to have well-attested facts in regard to the 
performance of instruments whose details are unpublished, 
than to follow the more common plan of giving accurate 
descriptions of apparatus whose practical value is still a 
matter of conjecture, I append some notes of results, 
chiefly taken from reports by experts belonging to various 
branches of the United States Government service, which 
have been kindly given me by the representative of the 
National Electric Signalling Company in Scotland : — 

" The National Electric Signalling Company's wireless 
apparatus comprises the following: — A. Sending and re- 
ceiving apparatus ; B. Interference preventer ; C. Secrecy 
sender ; D. Anti-atmospheric device ; E. Intensity regu- 
lator ; F. Wave measurer. 

"To avoid misunderstanding, the capabilities of the 
various devices are set forth under the following head- 
ings :— 

I. Best results which have been obtained. 

{(i) In official tests by U.S. Army or Navy. 
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(d) In tests where the results have been thoroughly 
investigated and confirmed. 

2. Results which may be expected in ordinary use. 

3. Results guaranteed. 

A. Sending and Receiving Apparatus, 

'* I. Hatteras Lightship No. 72, equipped with our 
apparatus, has carried on a telegraphic conversation with 
the U.S. Navy Station at Dry Tortugas, Fla., equipped 
with our liquid barretter. This distance is over 1,100 
miles. Mast on lightship 75 feet high, power \ K.VV. 
Mast at Dry Tortugas about 180 feet high, power 3 K.W. 
Results obtained by Navy operators and reported officially. 
These results were only obtained during night time. 

*' U.S. vessels equipped with our apparatus lying off 
Norfolk communicate with more or less regularity with 
the stations around Boston. (Reports of Navy operators.) 

" In the official tests by the U.S. Navy of the i K.W. 
sets installed on the * Alabama' and * Illinois,' communi- 
cation was maintained over a distance of 268 nautical or 
300 land miles, in daylight in the month of August, in 
spite of heavy atmospheric and other interference. Masts 
135 feet high. Results obtained by Navy operators and 
embodied in official report. 

"With land stations messages have been exchanged 
at night time between Machrihanish, Scotland, and Brant 
Rock, Massachusetts, a distance of 3,004 land miles. 

" The results obtained with the Dry Dock * Dewey' have 
been published by the Navy. The Hatteras Lightship was 
equipped with our apparatus complete, and the Dry Dock 
* Dewey * with an infringing copy of this Company's liquid 
barretter and sending apparatus. 

"2. With the standard i K.W. outfit, and masts 135 feet 
high, communication should be maintained under all con- 
ditions over a distance of 300 sea miles. With the 5 K.W. 
standard sets a distance of 500 miles should be maintained 
under all conditions, and with the 20 K.W. sets, suitable for 
installation on scouts, a distance of 800 to 1,000 miles. 

"3. The distances guaranteed are as follows : — i K.W^ 
sets, 250 miles ; 5 K.W. sets, 400 miles ; 20 K.W. sets, 
700 to 750 miles. 
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[The horse-power required therefore varies approxi- 
mately as the square of the distance for distances up to 
i,ooo miles. — J. E.-M.] 



B. Interference Preventer. 

" I. Messages have been received with a loss of one word 
in twelve (easily corrected on repetition) with a 2 K.W. 
station operating only 226 yards away from the receiving 
station. (Official test.) 

" Under the same conditions none of the other com- 
panies were able to receive when the interfering station 
was nearer than 5^ miles. (Official report.) 

" When the interfering ship was so close that its signals 
burned out filings of the coherer used by [another] company, 
and the sending ship was so far away that messages could 
not be received on the coherer, even when the interfering 
ship was not interfering, the installation of the interference 
preventer and liquid barretter enabled messages to be 
received with ease while the interfering ship was trying to 
interfere. (Official report.) 

" In this case the interfering ship was about 500 yards 
away from the receiving ship, and the sending ship was 
about 120 miles away. 

" During the combined manoeuvres at Fortress Monroe, 
the U.S. Navy vessels attempted to interfere with the 
stations installed by this Company for the Coast Artillery. 
The interfering vessels were within 2,000 yards but were 
absolutely unable to interfere. (Official report) 

" While messages were being received at Brant Rock 
from Machrihanish, a 1 5 K. W. station belonging to a rival 
company situated at Boston thirty miles away, endeavoured 
to interfere by sending on a tune which was not more than 
3 per cent different from the tune at which Machrihanish 
was sending. The interfering station was cut out and 
messages received from Machrihanish. 

** 2. With old-type interference preventer, a difference 
in wave-length of 3 per cent is as a rule sufficient to cut 
out interference, unless the interfering station is in close 
proximity, in which case a 10 per cent, difference in wave- 
length is necessary. 

" By the use of this interference preventer the signals 
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are not weakened, but on the contrary, generally slightly 
increased in strength. 

"With the latest improved type of interference preventer, 
a difference of J per cent, in wave-length is sufficient for 
ordinary cases, and a difference of 3 per cent, where the 
interfering station is very close. In this case the strength 
of the signals is cut down to approximately ^. 

" 3. Guarantee. Where the distance of the interfering 
station from the receiving station is more than i per cent, 
of the distance between the sending and receiving stations, 
a difference in wave-length of 3 per cent, is sufficient to 
cut out the interference without the signals being appreci- 
ably weakened, interfering and sending stations being of 
equal power. 

C. Secrecy Sender. 

" I. With the early form of secrecy sender, and a 
difference of wave-length of 15 per cent., on an official 
test five words were read by the intercepting station, dis- 
tant five miles from sending station, out of 360 words. 

" 2. Great improvements have since been made. It is 
not believed that any other system can read the messages, 
no matter how close the intercepting station is. 

" 3. Guarantee. With our latest form of secrecy sender, 
which we propose to furnish, the variation in wave-length 
is guaranteed to be only J per cent, between spaces and 
dots. We guarantee that no other system can read the 
messages. 

D. Anti-Atmospheric Device. 

** I. Messages have been read by the use of the inter- 
ference preventer when other systems were entirely unable 
to read on account of atmospheric disturbances. (Official 
report.) 

" 2. It is difficult to express a guarantee in this matter, 
but it may be stated that in practice when the atmospheric 
is so strong that the noise can be heard with the telephone 
held six inches from the ear ; when the anti-atmospheric 
device is connected no atmospheric can be heard at all, 
and the signals are not weakened at all. 

" With the forms of apparatus used during the past year, 
atmospheric disturbances so strong that they can be heard 
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with the telephone six feet away from the ear, are cut down 
by the use of the atmospheric disturbance preventer so as 
to be inaudible when receiving, and therefore not to inter- 
fere at all with the reception, and this without the strength 
of the signals being weakened. 



E. Intensity Regulator, 

** This is a device for modifying the intensity of the 
emitted waves without changing their wave-length, for 
the purpose of communicating with nearby ships. 



F. Wave Measurer. 

" I and 2. This device is used for measuring wave-lengths, 
and is believed to be accurate to about \ of i per cent. 

" 3. We guarantee this device to be capable of detecting 
difference of wave-length of \ per cent, and to be capable 
of measuring wave-lengths at a distance from the sending 
station." 

U.S.S. Kearsarge, 1st Rate, 
Bar Harbour, Maine, dtk August 1905. 
Sir, 

1. I have the honour to make the following report on the test 
of the Fessenden Wireless Telegraphic apparatus between the 
U.S.S. "Alabama" and U.S.S. "Illinois" on the afternoon and 
night of the 2nd inst., and forenoon of the 3rd. 

2. The apparatus was handled, both in preparation for, and 
during the test by the regular ship's operators. In obedience to 
orders from the Commander-in-Chief, I reported on board the 
"Illinois," and observed the working of the apparatus on that 
ship. The test took place at sea, over clear water between the 
latitudes of 38* and 44" north, and longitudes of 68' and 70" 48' 
west, and lasted from i p.m. of the 2nd inst., until 3.30 p.m. on 
the 3rd. 

3. The "Illinois" separated from the Fleet at Nantucket 
Shoals Lightship at 12.30 p.m., 2nd August, and steamed on a 
course south-west by south at a speed of twelve knots. The 
"Alabama" continued with the Fleet, and steamed generally on a 
course north-east by north, at a speed of from ten to twelve knots. 
In accordance with the prearranged schedule, the "Alabama" 
sent her position in latitude and longitude on the hour and 

M 
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thirty minutes, and the " Illinois " sent hers on the fifteen and 
forty-five minutes. 

4. Sending with a normal strength of from thirty to thirty-five 
amperes, fifty to sixty volts on transformer, and with a spark-gap 
on each side of the cooling plate of from ^ inch to i inch, 
the ships continued in easy communication with each other up 
to II P.M., at a distance of 230 miles, when the "Alabama" 
asked the " Illinois " to send stronger, increased spark-gap on 
"Illinois" to ^ inch each side of cooling plate, and sending current 
to forty amperes. The " Alabama " continued to receive up to 
midnight, a distance of 251 miles, after which she failed to make 
out any message from the " Illinois," or even satisfactory parts of 
messages, until the following morning at 9.45, when she got part 
of the " Illinois' " position message, but was interrupted by the 
Maryland and Boston Navy Yard. The distance between the 
two ships at that time was 267 miles. The reception on the 
"Illinois" continued good, and the position of the "Alabama" was 
correctly received for mid. and 12.30 p.m. The position for 12.30 
was sent up to 12.45, ^^^ ^^^ distance between the two ships at 
12.45 was 268 miles. — Very respectfully, 

J. M. HUDGINS, 
Lieu/gftant, U.S. Nary. 

The Chief of Bureau of Equipment, 

Through the Divishn Cotumaiider^ 2nd Divisiott, and 
the Commander-in-Chiefs North Atlantic Fleet. 



" Department of the Navy 

Bureau of Equipment, 
Washington, 28M November 1904. 

"Tests of the Fessenden System. 

"91. On 1 5th August the representatives of the National 
Electric Signalling Company began to install the Fessenden 
instruments at the Navy Yard station, and on the 19th at 
the Highlands. 

" (92-99. Description of rules governing the test, one rule 
being as follows : — * Absolutely no messages or signals to 
be sent by either station during the time assigned to the 
other station — not even an acknowledgment.') 

" 100. At 10 P.M. the Board adjourned until 10 A.M., 
30th August, when it met to make the interference test ; 
Captain Rodgers and Lieutenant Edgar at the Navy Yard 
station ; Commander Peters and Commander Fiske at the 
Highlands station ; Lieutenant-Commander Jayne on board 
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the ' Topeka.' From 10.23 to 10.57 a press despatch of 
861 words was received from the Highlands at the rate of 
twenty words per minute, with the loss of two words in the 
headline and two mistakes in the text. During this time, 
until 10.45, with the exception of intervals of a few minutes, 
the * Topeka' was interfering continuously. The * Topeka ' 
was anchored off Tompkinsville, five and a half miles distant 
from the Navy Yard station. 

" loi. From 1 1.27 till noon the receiving ship * Hancock ' 
at the Navy Yard, 630 yards' distance from the Navy Yard 
station, and the experimental station in building §75 at the 
Navy Yard, 226 yards from the Navy Yard station, inter- 
fered continually. During this period the reception from 
the Highlands was not good, one message being received 
with the loss of one word in three. 

" (NoU. — The operators were not notified that this test 
would be made, and were not prepared with apparatus to 
cut out nearby interference, hence the loss of one word in 
three. During the dinner hour an improvised arrangement 
was fixed up, the results with which are given in paragraph 
102. It is evident that the one word lost in every twelve 
could have been obtained by repeating the message, but no 
repetition was allowed.) 

" 102. At noon the Board took a recess until 2.15, then 
met and continued the test for interference. The station at 
building §75 interfered from 2.15 until 3 P.M. During this 
period the average loss was one word in twelve, in a 
message sent from the Highlands. From 3.15 to 3.45 the 
secrecy sender was tested. A message of 362 words was 
sent from the Navy Yard station to the Highlands by a 
Navy operator, at the rate of thirteen words per minute 
(Continental Morse), with a secrecy sender. The 'Topeka' 
had instructions during this period to read the message if 
possible. 

" 103. [Relates to time Board adjourned.] 
" 104. [Gives names of operators.] 
" 105. At 3.25 P.M., 29th August, Professor Fessenden 
sent a message to Philadelphia for his operator at that 
station to come to the New York Navy Yards ; the message 
was acknowledged at once, and the operator appeared at 
the Navy Yard station at about 7.30 P.M. Both of these 
messages were read at the Highlands. He brought with 
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him record showing that he had received, in Philadelphia, 
messages sent from the Navy Yard to the Highlands, one 
of which was a difficult code message. 

" 1 06. The Slaby-Arco apparatus was used aboard the 
* Topeka.' 

*• 107. The U.S.S. * Hancock,* with improvised instru- 
ments, used a maximum spark of ^ inch, 15 amperes, and 
1 18 volts. Length of aerial, 120 feet. 

" 108. Building §75 used improvised instruments, spark 
yV inch. Length of aerial, 120 feet. 



Address — Bureau of Equipment, Navy Department. 

Washington, D.C, 
Tth April 1905. 
Gentlemen, 

I. Referring to your communication of the sth inst., 
requesting information as to results obtained with your apparatus 
by Lieutenant Hudgins, the Bureau quotes from that officer's 
report, as follows : — 

(a,) " The interference preventer will practically exclude any 
wave varying in length by as much as 3 per cent, from the wave 
to which the preventer is adjusted, provided the intensity of such 
interfering wave is not greater than that of the wave to be received. 
As the interfering wave increases in relative intensity, the differ- 
«nce in wave-length must be increased also. Unless very accu- 
rately adjusted, the interference preventer absorbs part of the 
strength of the wave, and the more imperfect the adjustment the 
greater the absorption. The adjustment of the interference 
preventer is somewhat difficult, but once made it is practically 
constant. 

(b.) "With this connection, it is possible to absorb or shunt 
to earth waves so strong that close connected they will burn out 
the receiver, and at the same time to build up a weak resonant 
wave to sufficient strength to be read. A variation of 10 per cent, 
in wave-length has been found sufficient to cut out waves so strong 
that they could not be received direct either on the electrolytic or 
coherer receivers, while at the same time a weak wave which the 
coherer would just record, was plainly received on the telephone. 
With waves of more nearly equal intensity, a variation of 3 per 
cent, in length is ample. 

\c,) " With atmospheric or other interference the electrolytic 
receiver is the better. The sharp degree of tuning practicable 
with this receiver, permitting the tuning out of other stations, 
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unless very close to the same wave-length, or else much stronger 
than the wave which it is desired to receive. Atmospheric dis- 
turbances pass through the electrolytic receiver with a distinctly 
characteristic sound, and, unless very numerous or strong enough 
to burn out the fine point in this receiver, do not materially inter- 
fere with the reception of a message coming in at the same time. 
-Very respectfully, "H.M. Manning, 

•* Chief of Bureau of Equipment.''' 

''National Electric Signalling Co., 

8th and Water Streets, Washington, D.C. 



" U.S. Navy Wireless Telegraph Station, 

Newport, Rhode Island, 24/A March 1905. 

" This is to certify that the interference preventer, as 
arranged by Mr Chas. J. Pannill of the National Electric 
Signalling, to my personal observation cut out the following 
stations absolutely : — Cape Cod, Fort Wright, New Haven ; 
Marconi boats as well as their Siasconsett Station ; Jersey 
City ; the Fall River boats, * Priscilla* and * Pilgrim' (about 
a half hour after sailing from Newport) ; moderate atmo- 
spheric, also terrific atmospheric, reduced about 50 per 
cent, and received Nantucket Shoals Lightship, without 
decreasing her signals, but on the other hand increasing 
them as compared with receiving them on [another] com- 
pany's apparatus installed at this station. All of the above 
stations, excepting Jersey City, which we do not get on the 
other apparatus, interfere with our receiving from Nantucket 
Shoals Lightship. 

"On Saturday, i8th March, I received signals from the 
Fessenden Jersey City Station, which were very distinct 

"The atmospheric disturbances were so severe one 
night last week I was not able to receive the report of a 

passing steamer from the Lightship on the apparatus, 

but upon changing over to the Fessenden interference 
preventer, the terrific atmospheric was cut down to such an 
extent that I was enabled to receive the report without any 
trouble. 

"A. Y. Forrest, 

•* Electrician, 2nd Class.*' 
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First Successful Exchange of Wireless Messages 
across the atlantic. 

" Towards the end of December 1905 the National Elec- 
tric Signalling Company of Washington, U.S.A., completed 
its two Transatlantic stations, one of which is situated 
at Brant Rock, Massachusetts, about twenty miles south of 
Boston, and the other at Machrihanish, Kintyre, Scotland, 
the distance between the stations being a trifle over 
3,000 miles. 

" The power is developed by a boiler-engine-alternator 
equipment having a maximum capacity of 25 K.W. 60 
cycles current A transformer steps up the voltage to 
about 25,000, thus charging the condensers, which are 
discharged by means of a gap adjustable so as to effect 
the discharge at any desired point of the cycle. 

" The receiver used is the liquid barretter in its latest 
form. The aerial is formed by a tower extending to a 
height of 415 feet above the ground level, and supporting 
a sort of umbrella formed of wires at its top. The tower 
is essentially a steel tube 3 feet in diameter, supported 
every 100 feet of its height by a set of four steel guys, 
there being thus sixteen guys in all. The tower is pivoted 
at its base on a ball and socket joint, and is insulated from 
the ground for a voltage of 150,000. The guys are in- 
sulated from the tower as well as from the ground, besides 
they are divided into 50-feet sections by means of strain 
insulators. One of the most serious problems to be solved 
was the construction of these strain insulators, which, while 
capable of safely transmitting the maximum stress of about 
20,000 lbs., also resist an electrical tension of 15,000 volts 
each. The maximum deflection of the top of the tower 
in a 90-mile hurricane is computed to be 15^ inches. A 
wave chute containing over 100 miles of wire, and extending 
over six acres, is a very essential feature of the installation. 

** On 3rd January 1906 the first signals were received 
from the American side, and shortly afterwards communica- 
tion was established, so that messages were freely exchanged 
at night The intensity of the signals received by telephone 
was at times so great that messages could easily be read with 
the diaphragm three inches from the ears of the operator. A 
station twenty miles distant from Brant Rock, using about 
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30 K.W., and sending on a wave-length differing not much 
more than 3 per cent, from that of the Scottish station, was 
cut out while messages were received from Machrihanish. 

" The company is at present endeavouring to establish 
continuous night and day communication. With this in 
view alternators of very high frequency will shortly be 
installed at both stations, together with the apparatus 
accessory thereto." 
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CHAPTER XI. 

THE HOZIER-BRO WN S YSTEAf, 

Distinctive Features of the System.— Colonel Sir H. M. 
Hozier, and Mr S. G. Brown have kindly supplied me with 
the following notes on their system : — 

** The ' Hozier-Brown ' system of wireless telegraphy 
does not vary from most of the other systems except in 
the use of a special receiver, and in the method of recording 
the messages received. 

"The transmitter, for moderate distances up to, say, 
sixty miles, consists of the usual spark coil, an aerial wire of, 
say, 1 50 feet in height, and a Morse key to interrupt the 
current through the primary of the spark coil so as to 
transmit the message according to the Morse code. The 
receiving aerial would be of the same height, viz., 1 50 feet. 

" The receiver, or detector, an invention of Mr S. G. 
Brown, consists of a pressed pellet of peroxide of lead 
placed between a platinum plate and a blunt lead point ; 
the blunt lead point is carried on the end of a steel spring, 
and is capable of adjustment by means of a milled headed 
screw to press more or less lightly upon the peroxide. 

" The theory of the detector is as follows :— 

" The detector exerts a certain back E.M.F., which does 
not vary with the number of cells used in its circuit. A 
2 volt accumulator in its circuit will be found to give the 
best results. The lead peroxide behaves as an electrolytic 
cell when in conjunction with its electrodes of lead and 
platinum. Similarly to electrolytes lead peroxide has a 
negative coefficient of temperature and resistance. 

" The action of the normally flowing current from the 
storage cell is illustrated in Fig. 99. Ions of Pb ( + ) tend 
to pass upward to the lead cathode; ions of Og ( — ) down- 
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ward to the platinum anode. While the detector is un- 
affected by Hertzian waves, however, this tendency is 
neutralised by the opposing tendency of the Pt. PbOy 
Pb combination to act as an independent battery sending 
a current in ^ direction the reverse to that of the external 

— + 

current, sending ions of Og to the lead and ions of Pb to 
the platinum electrode. Under the influence of the alter- 
nating current resulting from the Hertzian waves, this 
tendency of the combination to act as a battery is brought 
actively into operation, with the result that the effective 





Fig. 99.— Hozif.r -Brown Receiver. 

A, Aerial Wire; ^, Earth ; B, Battery of about a volts; T, Telephone Receiver. The 
detector consists of lead peroxide between lead and platinum plates, its voltage is 
normallv in opposition to that of local battery, and nearly balances it (see I.). The 
received jigs cause action shown in II., which destroys balance of opposing E.M.F.'s 
and causes current audible in telephone. 

current sent by the external cell is diminished. When 
the radiation intercepted ceases, the permanent current 
removes the films of lead (from the bottom) and of oxygen 
(from the top). 

" That this explanation suffices, to some extent at least, 
is shown by the fact that if a metal (such as iron) more 
electro-positive relatively to platinum than lead, be used 
for the upper electrode, the deflection of the needle due to 
the first waves received is more considerable than in the 
case of lead, although the combination becomes less and 
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less sensitive to further radiation, while the * after-creep ' 
of recovery is very much slower than in the case of lead 
owing to the fact that electro-positiveness and ease of 
oxidation go together, and it is only very slowly that the 
permanent current can remove the film of oxide formed 
upon the iron electrode. The detector is extremely sensi- 
tive to Hertzian waves, and being dry has very little 
electrostatic capacity. 

" As stated above, the platinum, peroxide, and lead point 
act as a battery when under the action of the Hertzian 
waves, and if joined in opposition to the external 2-volt 
battery, will cause the current flowing through it and round 
the circuit to drop in value. The detector does not act 
as a battery when the Hertzian waves cease, and the 
external battery is thus enabled to increase the current 
flow. It will thus be seen that the current diminishes in 
value when the Hertzian waves act on the detector ; that is 
to say, the detector acts as an anti-coherer. 

"The detector is quite automatic in its action. The 
current decreases in value on the receipt of the signal, and 
increases instantly in value when the Hertzian waves 
cease : the amount of current variation is more or less pro- 
portional to the strength of the Hertzian waves. 

" There are three ways of showing or indicating the 
received signals. One is to place a sensitive voltmeter in 
the circuit, and it is not uncommon to see a variation of 
over half a volt registered for each signal received from a 
transmitter worked over fourteen miles away. A telephone 
in the circuit will indicate by the note the long and short 
signals of the Morse code sent from the distant station, 
and when the Hertzian waves are strong the noise in the 
telephone may become uncomfortably loud, while signals 
sent over 100 miles can usually be heard quite distinctly. 
The third method is to place a siphon direct writer in the 
circuit 

"The current from the detector flows round the sus- 
pended coil of the direct writer. The suspended coil hangs 
in a strong magnetic field, and carries a glass siphon tube ; 
one end of the tube dips into the ink-well, the other end 
bears upon the moving strip of paper. On the arrival of 
the signals the suspended coil is deflected to one side 
either for a long or short space, to indicate the long or 
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short signals of the Morse code ; and thus the message is 
recorded on the strip of paper. (The suspended coil usu- 
ally carries in addition a relay contact arm to bring in the 
current from a local battery, and ring a bell as a warning 
to the operator that a message is arriving.) 

** It will be seen that (with the exception of the ringing 
of a bell) the message is written or recorded without the 
employment of any relay whatsoever, the amount of current 
delivered by the detector being ample to record large 
signals even with a moderately insensitive direct writer. 

" The advantages of our detector are great sensitiveness 
together with great current changes, allowing the recorders 
to be operated directly without the employment of any 
relay. The detector is moreover extremely robust and 
cannot easily be damaged : the instrument is self-operating, 
works with extreme rapidity, will record as fast as any 
operator can send, and is practically everlasting, as it is 
very rarely that the peroxide pellet need be changed. As 
regards sensitiveness, on a 185 feet aerial signals have 
been received and recorded over 100 miles ; this, it must 
be remembered, with the detector coupled directly to the 
aerial and to the earth-plate. 

" No receiving transformer is used, the detector being 
coupled direct to the aerial, as before stated. 

" The chemicals of the detector are carried in a brass 
case, together with a switch, so that on sending \n the station, 
the chemicals can be disconnected from the outside circuit 
by turning the switch and completely isolated." 

Production of Continuous High Frequency Cur- 
rents for Use in Transmission. — Mr S. G. Brown has 
recently patented a method of producing uniform current 
jigs, of which the following is a description : * — 

" The positive electrode, as will be seen from the figure, 
consists of a disc of metal, preferably aluminium, which is 
kept slowly rotating, the negative electrode consisting of a 
copper block resting against the edge of the disc. On the 

♦ Given here by the kind permission of Mr Brown and the 
proprietors of the Electrician. 
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passing of a direct current at 200 volts pressure through a 
resistance and a high self-induction, and through the disc 
to the copper block, exceedingly rapid oscillations were 
produced in a capacity shunting the moving contact. 

" Measurements of the current flowing in this condenser 
showed by calculation that the oscillations were in some 
instances of the order of millions per second, and a small 
incandescent lamp consuming i ampere at 20 volts could 
be brilliantly lit up through a condenser of 0.005 or less of 
a microfarad, although the effective E.M.F. across the 
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Fic. 99A.— Brown's Uniform Jig Producer. 

W, rotating disc ; C, balanced copper block ; E,E, direct*current electric light leads ; A* , , 
series r^ulating resistance; Z|, inductive coil of, say, 20 henries to steady current; A', 
capacity shunting contact on disc; /?,, resistance; Z., air core inductive coil to tune 
circuit, although this coil is not necessarv to produce oscilUitions through condenser. 

If voltage is higher than, say, 900 volts, two or more discs and copper blocks may be em- 
ployed as a multiple spark>gap. 



electrodes could not, from calculation, have exceeded 50 
volts. 

" Many experiments with this arrangement were tried, 
which fully proved the existence of these high oscillations, 
and their continuous production ; for instance, it was pos- 
sible to light up an incandescent lamp through a 9-in. brick 
wall, employing only two loops of wire of one single turn, 
each enclosing an area of some 3 sq. ft, and placed on 
either side of the wall, the oscillations flowing in the one 
loop and the lamp being in the circuit of the other. 

" The advantage of this moving disc was that it was 
self-cooling and self-regulating, this self-regulation being 
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effected by fixing the copper block on one end of a counter- 
balanced arm, so that it could be adjusted to float with a 
definite pressure on the edge of the disc. This instrument 
required little or no attention, and has been worked all day 
without adjustment and with no appearance of change 
taking place." 
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CHAPTER XII. 

WIRELESS TELEGRAPHY IN ALASKA, 

One of the most remarkable achievements in practical 
commercial wireless telegraphy is the installation and 
maintenance by the United States Army Signal Corps of 
wireless communication across Norton Sound, in Alaska. 

Norton Sound is a great bay at the mouth of the 
Yukon River, 107 miles wide between the points where the 
wireless stations stand. One of these, St Michael, on the 
southern side of the bay, is the terminus of the land lines 
which run 1,300 miles southward to Fort Liscum, which is 
in communication with Seattle by a cable 1,600 miles long ; 
the other, on the northern side, is at Safety, near Nome, the 
most important centre in the north-western district of 
Alaska. It had been found impossible to maintain a cable 
across the gulf on account of the ice, and the absolutely 
barren and snow-swept nature of the coast made an ordi- 
nary land line round it almost impossible. As Nome is 
the centre of a large fishing and gold-mining district it was 
essential to provide telegraphic communication, especially as 
the usual means of communication are only available during 
a very few months in the year. 

The United States Army therefore decided, after three 
years had been wasted in the failure of some commercial 
companies to provide a service, to establish wireless commu- 
nication through the agency of the Signal Corps. Captain 
Leonard D. Wildman, who designed the stations, and 
superintended their erection and working, has most kindly 
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favoured me with drawings and descriptions, from which the 
following account is taken. 

I make the following quotations from the Annual Report 
of the Chief Signal Officer, U.S. Army, for 1905, in order 
to compare the reliability of land lines and wireless tele- 
graphy in these regions. This officer writes : — 

"The conditions considered, the continuity and reli- 
ability of the service (on the land lines) has been beyond 
expectation, the interruptions between Valdez and Nome, 
the extremes of the line, being 40.7 days, or one day in 
nine. . . . Half of the interruptions occurred in June owing 
to forest fires in the upper Tanana, and unprecedented flood 
conditions in the lower valley. This unusually efficient 
service is the result of devoted field work by the Signal 
Corps, assisted by men of the line. . . . The interruptions 
during the winter were reduced to about one-half of those 
of previous years, due to the energy and zeal of the repair 
men who patrolled the line on their section." 

Contrast this with the above : — 

" In August 1903 a wireless section of 107 miles across 
Norton Sound was established through the professional skill 
and exceptional ability of Captain Leonard D. Wildman, 
Signal Corps. This is the only long wireless telegraph 
system in the world, it is believed, that is regularly operated 
as a part of a system handling commercial business. On 
6th August 1904 it completed a year of uninterrupted 
service over its course of 107 miles. It has handled daily 
and uninterruptedly the entire telegraphic business of Nome 
and the Seward Peninsula, which, together with the official 
business, averages several thousand words daily. More than 
a million words were sent during the year, many thousand 
being commercial code words, in which no error has ever 
~n traced to this section. In a single hour there have been 

ismitted over this section 2,000 words without error or 

stition. The successful installation and operation of 
unique work by the officers and soldiers of the American 

ny afford an added illustration of their intelligence and 

itude." 
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It is certainly remarkable that this unique record should 
have been accomplished at stations, one of which was built 
upon a glacier, and both on a coast only accessible during 
about three months each year. It reflects great credit both 
on the designer of the stations and on those who assisted 
him in their working. To continue quotation : — 

" The wireless work was done by an alternate current, 
500 volts, 60 cycle, 3 kilowatt generator ; a 6 horse-power 
gasoline, single cylinder engine, with special governor; a 
small grid at masthead with only two connecting wires, and 
large ground capacity. The dynamos, built to Wildman's 
plans, were provided with specially heavy insulation about 
the armature coils and collector rings. The switchboards 
were of home manufacture. 

" Electric storms gave little trouble, and weather or ice 
conditions had no material influence. The receiver was of 
the De Forest type (now declared to be covered by 
Fessenden's patents), modified by Signal Corps inventions. 
Captain Wildman found many opportunities for the re- 
sourceful minds of himself and his subordinates. Broken 
Leyden jars were successfully replaced by air condensers, 
the spark was muffled, currents shunted, and many other 
improvements applied. Captain Wildman thinks duplex- 
ing possible to a certain extent, and a call-up device pro- 
bable. . . . Sergeant M*Kinney devised a key that increased 
the sending capacity from 1 5 to 30 words per minute." 

So much for the success of the system ; to go now into 
details. It seems most probable that Captain Wildman's 
system of tuning the aerial to the closed oscillating circuit, 
as shown in the American patent 764,093, dated Sth July 
r904, was the first use of the common adjustable inductance 
with the hot-wire ammeter in the antenna to indicate maxi- 
mum resonance. It is certainly the simplest way, and has 
been adopted, either independently or following his idea, 
by a number of companies. 

The use of a practically wattless current in the primary 
circuit when the key is open is a novel and valuable 
feature of this system. The means for obtaining it are 

N 
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similar to Professor Fleming's inductive shunts on trans- 
mitting keys, but with this difference that Professor 
Fleming's " choking coil will stop all currents from flowing 
into the transformer;"* while Captain Wildman adjusts 
the inductance to give a nearly wattless current in the 
primary. The result as proved by practical experience is 
a considerable reduction in the power used, and consequent 
saving in gasoline. This is an important economy in 
outlying stations. 

Another feature of the system is the use of two earth 
connections with proper inductances, one of which goes 
permanently through the receiver, and the other, with a 
small extra spark-gap in it to obviate the necessity for a 
switch, is used for transmitting. The arrangement was 
subsequently re-invented, no doubt independently, and 
patented by the Marconi Company. 

An improvement which adds to the comfort of the 
operator is an arrangement whereby the main spark-gap is 
put outside the house. For tuning purposes there is an 
alternative gap inside which is not used during actual 
transmission. 

The outside gear shows some ingenious modifications 
particularly useful in the stormy climate in which they 
were devised. The aerial, for instance, consists of two 
wires attached to a small grid at the top and a cross 
stretcher at the bottom. A rope 'is also fixed to the top 
grid, and hanging between the wires helps to bear the 
weight of ice which accumulates on them in winter. The 
lower end of the rope carries a weight which hangs clear of 
the ground. The whole aerial is therefore like a heavy 
pendulum, and is brought back to its vertical position by 
the weight after being deflected by a gust of wind. 

We shall return to Captain Wildman's experiments on 
the effect of wind and moisture on transmission in a later 
chapter. 

* " Electric Wave Telegraphy," p. 504. 
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CHAPTER XIII. 

THE DE FOREST SYSTEM--THE POULSEN 
SYSTEM. 

These two systems, though differing in character, may be 
conveniently referred to in a single chapter. 

Dc Forest System. — I have already mentioned several 
of Dr De Forest's inventions in earlier chapters; it is, 
therefore, only necessary to say that, in common with other 
systems of the same class, an aerial wire, or network of 
wires, of considerable height is used. 

Through the kindness of the Amalgamated Radio- 
Telegraph Company Limited, of London, I am enabled 
to add a note on the performances of some stations fitted 
with the De Forest apparatus. 

One of the largest of the stations of this system is that 
situate at Manhattan Beach, the property of the American 
De Forest Wireless Telegraph Company, which has estab- 
lished communication with Colon (2,170 miles), and with 
Porto Rico, Boston, Montreal, Cleveland, Chicago, and St 
Louis. 

The Manhattan station is used for distributing news 
collected in New York City to radio-telegraph stations 
within many hundreds of miles. More than ninety stations 
have been built by the American De Forest Wireless 
Telegraph Company, while many others are under con- 
struction. Illustrations of two of the most important stations, 
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Poulsen System. — This system constitutes a remarkable 
advance in wireless telegraphy. Primarily, the generator 



Fig. ioi.— Boston Station of the De Forest Wireless Telegraph Company. 

is, in principle, based upon the singing arc of Duddell. A 
direct-current arc is shunted by a condenser-circuit in 
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which alternating currents are generated. In the case of the 
Duddell arc, it is only possible to generate efficient oscilla- 
tions in the shunt-circuit when the oscillation factor of the 
latter is large, and the natural periodicity, therefore, low. 
Thus, although the singing arc gives continuous, undamped 
oscillations, these are not sufficiently rapid to serve the 
purposes of wireless telegraphy. 

Mr Valdemar Poulsen, after a long series of experi- 
ments, has discovered a method of producing continuous 
oscillations which are not only of high frequency, but also 
of great efficiency. The chief distinction between the 
Poulsen generator and the Duddell arc relates to the use 
of hydrogen, or an atmosphere containing hydrogen, as the 
surrounding medium of the arc employed. As the result 
of Poulsen's discoveries, we can now generate powerful 
oscillations having a frequency of hundreds of thousands 
per second, whereas formerly such oscillations could only 
be obtained at acoustic periodicities. 

The receiver is the invention of Mr Pedersen, and is 
designed to take full advantage of the power of the con- 
tinuous series of impulses to create revibration in an equi- 
frequent circuit. The oscillating circuit of the receiver is 
only intermittently connected to the detector. Thus the 
jig has lime to grow without hindrance in the complete 
circuit through superposition of the waves of alternate 
current received, the detector being only introduced when 
a large current jig has been induced. 

The Amalgamated Radio-Telegraph Company Limited, 
of London, has acquired the Poulsen patents for the 
whole world, with the exception of the United States of 
America. 

A full description of this system was given in the 
Electrician for i6th November 1906. 
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CHAPTER XIV. 

THE TELEFUNKEN SYSTEM. 

This system is based on the patents of Professors Slaby 
and Braun and of Count von Arco. It may be considered 
as striking a mean between the earlier systems of Marconi 
and Lodge-Muirhead, though of course with many variations 
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Fig. I02.— Telefkunkbn Transmitter. 



JE, Battery; T, Key ; W^, Primary of Induction Coil ; £/, Interrupter ; C, Capacity ; 
Ft Spark Gap ; Z, Inductance ; A^ Variable Inductance. 

and elaborations in detail. The system has made very 
rapid strides in its evolution, owing largely to the encourage- 
ment given to research in Germany. A system of wires, 
similar to those used by Marconi, forms the aerial, and the 
earth connection is given by a large capacity, as in the 
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Lodge-Muirhead apparatus. A coherer and receiving 
circuit in many respects similar to the Marconi arrange- 
ment is employed. The annexed figures, kindly lent by 
the Telefunken Company, show the general arrangement 
of the apparatus. 

Owing to good commercial and technical management. 



AERIAL tVIRE 



u>: 




V 

counter weight 

Fig. 103.— Telefunken Receiver. 

/*, Primary of Receiving Transformer ; 5", Secondary of Receiving Transformer ; C, C*v, 
Condensers ; /, Coherer ; ^,, Coherer Battery ; i?„ Tapper and Ink writer Battery. 



assisted by the powerful influence of the German Govern- 
ment, this system is now probably the largest in the world, 
518 stations having been erected before the close of the 
year 1905. 

For further details of this important system the reader 
is referred to "Wireless Telegraphy" by Gustav Eichom. 
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CHAPTER XV. 

DIRECTED SYSTEMS. 

Though not invariably advantageous, it is sometimes 
useful to be able to limit the transmission to approximately 
one direction. Thus a large number of stations at different 
points might communicate with one another in pairs with- 
out interference or the necessity for tuning. It would also 
occasionally be very useful, especially for maritime purposes, 
to be able to determine the direction of the station from 
which a message has come. The two problems are distinct, 
the latter being, at present at least, the more important. 
If a ship were able to tell the bearings of a land station 
from which she is receiving a message it would be an 
assistance to navigation in thick weather ; while, if the bear- 
ings of two coast stations could be found simultaneously, 
the actual position of the ship would be easily calculable 
by trigonometry. It would not even be necessary that the 
actual determination of the bearings of the station should 
be made on board the ship. The bearing of the ship from 
each station might be taken at the stations and telegraphed 
out to the vessel. Thus it is not necessary for this purpose 
that a vessel should carry any special apparatus beyond 
the ordinary instruments required for non-directed wireless 
telegraphy. The special apparatus can more conveniently 
be kept at the stations on the coast 

With Mr Marconi's first system, Hertzian waves were 
used, which were reflected from parabolic mirrors, as in 
Hertz's experiments, and of course the radiation was directed 
as a ray from the mirror. So well does the mirror achieve 
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the purpose of direction that it becomes difficult to maintain 
communication between the stations, as the slightest move- 
ment of the reflector so alters the aim of the ray that it may 
pass above or below the receiving station without touching 
it Wireless telegraphy of this kind would be almost useless 
at sea on account of the difficulty of keeping the ray 
directed towards the receiving station. The ray is invisible, 
and signals can only be received if it strikes the receiver 
directly. In this it is unlike the beam from a searchlight, 
which produces readable signals, even though the ray does 
not strike directly the eye of the observer, but is thrown on 
a cloud above him. Two vessels can thus communicate by 
searchlight signalling, though they are invisible to one 
another below the horizon. 

It would thus be very useful to be able to tell the 
direction from which a signal comes, but of much less 
general importance to be able to limit the transmission to 
a given small angle. 

Many attempts have been made to obtain directed 
waves, most of them depending on the expected interference 
of the waves from two aerials placed half a wave length 
apart. If the jigs in both were in the same phase, it would 
appear that the radiation should be zero in a vertical plane 
through the wires and a maximum in a vertical plane at 
right angles to this. In 1899 the author commenced 
experimenting with this idea, but extraneous circumstances 
prevented the experiments getting beyond the preliminary 
stage. This was probably the first attempt, however, to 
obtain directed waves by means of aerial wires, and without 
the use of reflectors. More recently, the subject has been 
studied, and patents taken out by Braun, Artom, Stone, 
and many others. Professor Braun*s work on phase differ- 
ences between high frequency circuits, undertaken to obtain 
data for a method of this type, is a masterpiece of experi- 
mental and mathematical skill.* Though presenting no 

♦ Electrician^ May 25, 1906, and many earlier dates. 
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great difficulties where the desired direction of transmission 
is a fixed one, this method would have been impracticable 
for maritime purposes, particularly in cases where it was 
advisable to use a wave of considerable length, owing to 
the excessive size of the apparatus. To find the direction 
from which the radiation has come would on this system 
be even more troublesome, as it would involve either a 
number of fixed aerials, or a fixed one and another movable, 
so as to accommodate both 
change of direction and differ- 
ence of wave-length. 

A simpler method* for 
attaining the same end was 
found by Mr Garcia in 1900, 
who used horizontal or in- 
clined aerial wires earthed at 
one end. These were ar- 
ranged, so that the effective 
radiation only took place 
throughout a small solid 
angle, and could therefore be 
directed by altering the direc- 
tion of the aerials. In a 
similar manner the direction 
from which the current was 
coming could be determined. 

In patents applied for on 
28th May 1904, Dr de Forest 
describes two methods by which the direction of the sending 
station may be determined. The first involves the employ- 
ment of a large grid of vertical wires which is suspended, 
so that it may be turned about a vertical axis. The 
strongest signals are received when the plane of the grid is 
at right angles to the line joining the stations, and weakest 
when the plane of the grid is in this line. By taking a few 



6" 



Fig. 104. 



De Forhst's Directive 
Aerial, Vertical Form. 

A J Grid of Vertical Wires ; /f , Transmit- 
ting or Receiving Instrument ; E^ Earth. 



* See letter by F. Galliot, E/ec/n'dan, May 18, 1906. 
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observations with the grid in different positions (orienta- 
tions), the direction of the line joining the stations can be 
determined with considerable accuracy. 

It was found that by using a grid 15 by 6 feet as aerial, 
and turning about until a maximum strength of current 
was observed, it was possible to determine within 10" the 
direction of a station seven miles off. 

For practical purposes this means that if two coast 
stations about five miles apart were situated favourably with 
regard to a ship about five miles offshore, they could give the 
bearings with sufficient accuracy to enable the master to 
determine his position to within one mile. In foggy weather 
on a dangerous coast even this degree of accuracy would be 
of great value, while no doubt, as the method is developed. 
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Fig. 105.— De Forest Directive Aerial, Horizontal Form. 

very much greater exactitude may be looked for in the 
future. 

In another patent of the same date Dr de Forest de- 
scribes another method of obtaining the direction of motion 
of the lines of force concerned in transmission. A long 
horizontal wire is suspended at a short distance above the 
ground and has a short earth connection in which the re- 
ceiver is placed. It was observed that a maximum effect was 
noticeable when the horizontal wire was an extension of 
the line joining the .stations. Thus by turning the wire in a 
horizontal plane about its vertical part and noting the posi- 
tion of greatest current, it is possible to find the direction of 
the sending station. 

Either solution of the problem seems applicable directly 
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to practical working, though possibly the grid would be 
more easily adapted to existing arrangements, and less 
cumbersome to handle. 

Dr de Forest has also solved the problem of directing 
the radiation in a similar manner. In March 1901, and 
more particularly in a patent of January 1904, he has shown 
that an aerial consisting of a short vertical branch and a 
horizontal part from the top of the vertical one, sends out 
most moving lines of force (radiation) on the side of the 
vertical opposite to the horizontal branch and in the direc- 
tion of the horizontal wire produced. 

Messrs Duddell 
and Taylor experi- 
mented in June 1904* 
with a transmitting 
aerial of similar form, 
and obtained results 
which, allowing for 
differences in the 
transmitting current 
and a certain want of 
symmetry in the posi- 
tions of the earth and 
aerial, confirm De 
Forest's results. 

In July 1905 Mr 
Marconi patented an 
horizontal wires, and 




Fig. 106.— Artom's Directive Aerial. 

At Bf Connections to jig producers giving fixed phase 
difference ; 14*15, 16*17, Elevated Grids. 



arrangement like Dr de Forest's 
in March 1906 read a paper to 
the Royal Society describing some experiments he had 
made with the apparatus. The results given are of in- 
terest both from practical and theoretical points of view, 
and have been explained, on the basis of Hertz's theory, 
by Professor Fleming. S. Artom has also invented a 
directive aerial, on a different principle, which has given 
excellent practical results. In a paper published in LElet- 



* Journal of the Institute of Electrical Engineers, vol. 35, p. 328. 
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tridsta^ he gives details of his apparatus and results. The 
aerial used consists of two independent conductors bent so 
as nearly to form the sides of a square, one comer of which 
is uppermost. The aerials are attached to a jig generator 
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Fig. 107.— Artom's Directivb Receiver. 

At B, Aerial Connections ; 43, 44, Primary Windings of Receiving Transformer ; 
40, Secondary Winding of ditto, connected at 118, 119, to Detector ; 8, Earth. 

which gives currents of different phase. The transmission 
is a maximum in a line perpendicular to the plane of the 
aerials and zero in that plane. 

♦ V Elettricistay Rome, July 15, 1906. 
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The receiving aerial is similar. The receiver itself con- 
tains a transformer with three windings, one to each aerial 
and one to the detector. Unless the proper phase differ- 
ence exists between the jigs from the aerials, no effect is 
produced on the third winding, and therefore no signal 
is received. The system is therefore both directive and 
selective. It has worked most satisfactorily up to 55 km. 
between Rome and a number of other stations. 

In a former chapter I have defined an electrical jig as a 
periodic electrical motion of high frequency, such as is 
generally used in open-circuit wireless telegraphy. In 
order to understand the peculiarities of such motions it is 
useful to study the mathematical laws which express their 
properties numerically. For many reasons we cannot do 
this at all fully at present The mathematics of the subject 
are still in a very rough state, and hardly go beyond a first 
approximation to the facts. However, since for engineer- 
ing purposes a first approximation is often good enough, I 
shall give in the next chapter a few of the more important 
points in the mathematical theory. More complete discus- 
sions will be found in the larger books which have recently 
been published by various authors. 

# 
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CHAPTER XVI. 

SOME POINTS IN THE THEORY OF JIGS 
AND JIGGERS, 

Properties of Oscillating Motions. — In order that we 
may start with a clear idea of the nature and properties 
of an oscillating motion, whether electrical or mechanical, 
I quote (with the kind permission of the author and the 
publishers) the following concise description of the simplest 
form of periodic motion given by Professor Gibson in his 
"Elementary Treatise on Graphs."* It should be noted 
that though the motion of a point to and fro in a straight 
line is all that is mentioned, the distance x of this point 
from the fixed point which is chosen as origin may 
represent any single valued quantity such as voltage or 
current, and. thus the one set of equations will serve 
to represent any simple to-and-fro motion, whether me- 
chanical or electrical. To make the matter still clearer 
we may suppose that x represents the ordinate of a curve 
which gives the variations of the electrical quantity with 
time. 

"Simple Harmonic Motion or Sine Wave.~When 
a point is moving in a straight line in such a way that at 
time / its distance x from a fixed point O on the line is 
given by the equation 

;c = a cos («/ + a), ora: = a sin («/f ^) . . . (i) 
the point is said to describe a simple harmonic motion. 
* London : Macmillans. 
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** The motion is obviously vibratory, or to and fro. The 
point moves first in one direction to the distance a from O, 
then back through O to a distance a on the other side, then 
returns towards O, and so on. The greatest distance from 
O that the point reaches, namely, a^ is called the amplitude 
of the motion. 

"As / increases from O to — (or from /, to L-\ — 
where t^ is any value of /) the point makes one complete 
to-and-fro motion, — is therefore called the period of the 

motion. The reciprocal of the period, namely — , is some- 

times called the frequency of the motion. If T is the 
period and p the frequency, then 

rp 27r . I « 27r . 

"The function /^cos («/+ a), or ^ sin («/+)8),is frequently 
called a simple harmonic function of / ; its graph, that is 



Fig. 108. 



the cosine curve or the sine curve, is called a simple 
harmonic curve. The function is of great importance in 
all branches of physics. 

O 
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" The function of t given by the equation {k positive) 
jc = a^-*'cos(«/+a) or A: = a^-*' sin(«/ + )8) . . (2) 

is sometimes called a simple harmonic function with de- 
creasing amplitude. The co-efficient ae'^^ of the cosine or 
sine is a function of /, which decreases as / increases. 
Physically the equation represents what is termed a damped 
vibration. 

Fig. 108 is the graph of 

-^ = ^"10 sin / . . . . (3) 

and gives some idea of the nature of the function. Two 
waves are shown, but after a period of sin / the height 

becomes very small. Thus, when t= iottH — , we find 

x^e-^-y^ sin -=0.037. 
2 

"The dotted curve is the graph e' ^^ which touches the 
other graph near the crests of the waves ; at the first crest 
/=7.75. The hollows (the minimum values of ;ir) are given 
by /=4.6 and /= 10.9. 

" The amplitude of the function (2) when / has any value 
/j is ae~^^'\ when t has increased by ^T (where T is the 

period of — of the circular function) the amplitude has 

decreased to ^^-'*(^+iT). The ratio of the first to the 
second of these amplitudes is — 

ae~^^i : <w^^» +i''^) or ^i*^. 

The Napierian logarithm of this ratio, namely J>tT, is 
called the logarithmic decrement of the amplitude." 

Turning now to more technical mathematics, we have 
firstly, as is usual in the theory of electricity, an investiga- 
tion of Lord Kelvin's to consider. The discharge of a 
condenser had been studied experimentally by Henry and 
others when Lord Kelvin attacked the problem mathemati- 
cally, and gave a solution which accorded entirely with the 
results of observation. For the benefit of readers to whom 
mathematical language does not appeal, I may explain 
that the chief results arrived at are as follows : — 
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A conductor is supposed, charged, and suspended above 
the earth by insulating supports. It is then suddenly 
connected to the earth by a wire. It is shown that a dis- 
charge takes place which is unidirectional and slow if the 
ratio of the inductance of the wire to the capacity and 
resistance of the system is below a certain value, and 
oscillatory if this ratio is above the critical value. The 
period, amplitude, and damping of the oscillatory discharge 
are calculated, and the amount of work done, on the sup- 
position that there is no radiation of electrical energy, but 
that all is dissipated as heat in the conductors. The values 
of the current and voltage at any moment of the discharge 
are also calculable from the equations given. With the 
capacities and inductances usually available, the oscillations 
of the current are of such high frequency as to constitute 
a jig. It is not, however, in the least necessary that an 
oscillatory current should have a high frequency. Mr 
J. H. Gray,* for example, has shown how to produce 
oscillatory currents having a period of about a second and 
a half by using large inductance and capacity in the 
circuit. 

Let us now consider shortly Lord Kelvin's solution of 
the problem, which he has kindly given me permission to 
reproduce: — 

" Let C be the capacity of the electrified body in electro- 
magnetic measure, Qo its charge, and let it be suddenly 
connected to the earth by a wire of resistance R, the 
inductance of which is L. At a given moment /, the 

charge of the conductor is Q, and its potential y = ^, which 
gives the equation for the potential — 

from Ohm's law and the definition of inductance. 
* Electrical Engineer^ August 19, 1892. 
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"Now the current i—-^^ hence equation (i) may be 
written in the form 

The general integral of this equation is — 

Q^Aif'^' + A^'^ 
p and p being the roots of the quadratic equation, 

'^-^t'' + CL = 0' - - - (3) 
which gives 

2L-V4L2 CL' 
Reducing the fractions under the radical sign to a common 
denominator, we see that, according as L^ , these roots 

are real or imaginary. The constants A and A' are deter- 
mined by the condition that for /=0, we have Q = Qo, ^^., 
the initial charge, and /=0, which gives = Ap+h'p\ 

" If the roots of the equation (3) are real, then represent- 
ing by a the radical . /_ - _i-, 
^ ^ V 4L2 CL' 



^•=&-^<'^-'-"'> 



(4) 



When the roots are imaginary we may still take the 
integral in the same form and replace the constants by 

their imaginary values. Putting a' = ^ — - --^ , we get 
then 

Q = Q^^ " 2L cos aV + -^ sin aV - 



i=--^=fi :iLsina7 
aLC 



(s) 
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" The nature of the discharge is very different according 
as the solution is given by equations (4) or equations (5). 
In the first case the discharge is continuous. The current 
begins by being zero, passes through a maximum, and 
then decreases to zero. The maximum is at the time 

determined by the condition ^ = Oi or 



which gives 



{^-) 



e =--+a, 
2L 



^+ /^-J_ 
f ^ / 2L V 4L2 CL 

\4L2 CL/ 2L V4L2'"CL 

** In the second case the values of Q and of t are given 
by the periodic functions ; the conductor takes alternately 
charges in contrary directions, and the wire is the seat of 
alternating currents. 

"Period and Frequency, — The times of maxima and 
minima of charge correspond to /= O, that is to say, to 
sinaV=0, or a't^nir, 

" The oscillations of the discharge are therefore regular, 
and the value of the complete period T is 

rp_2^_ 27r 

"«^~ ~7j^_R^ 
V CL 4L2 

/ I R2 

Hence the frequency « = ^ = ^^ — i~-, or if R be small 

. . ^..^ T _J o I 



111 v^wiiipaiiavjii I 


\J i-. dllU ^, /*- 


^'tVCL 






" Damping.' 


-The values 


of the alternate 


maxima 


of 


charge are 


+ Qo, 
+ Qo^ 


Rir 
aW 

aRir 
aJ^' 
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They decrease, therefore, like terms of a geometrical pro- 
gression, the ratio of which is e'^La- 

" The maxima of the intensity of the current in the two 
directions correspond to ^=0» which gives 

tanaV=£^', 
or 

sinaV= ±a'^/CL; 
They are still equidistant, separated by a semi-period 
-,=-, and succeed the periods at which the current is zero, 

a 2 

by the time Oy defined by the smallest angle which satisfies 

the condition 

sina'^ = a',ycE; 

" The values of the maxima of current are successively 

' JCL ' 

and so on ; they also decrease in geometrical progression. 

" Disregarding the sign, the total quantity of electricity 
put in motion is 

Rir 

Rir aRir I + ^" aLa' 



Qo(l + 2(?"«l^ + 2f"»^+ . . .) = Qo 



l-e aha' 



" This total mass is the greater the nearer the quantity 
Rir 2La' 

e 2La', is to unity, that is, the greater the factor —^-t or 

the greater is the ratio ^^2" 

Hence inductance prolongs while capacity and resist- 
ance shorten the jig. 

Transformers. — The equations for the mutual inter- 
action of two circuits may be obtained in a somewhat 
similar way. For each circuit we have in addition to the 
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terms of the form L^, Ri, E ; a term M representing 

the action of the other circuit on the one considered. We 
have thus two simultaneous equations to solve* For trans- 
formers of very few turns, in which the electric induction 
(as opposed to the magnetic induction) is negligible, such 
equations give an approximate solution even with jigs ; 
but if there is a considerable number of turns in either coil 
of the transformer, as in receiving jiggers, the dielectric 
induction between the layers must be taken into account 
as well as the magnetic induction between the coils. 

From a theoretical point of view Lord Rayleigh has 
indicated the importance of electrostatic capacity in the 
construction of transformers for high frequency currents, 
and Mr Tesla has recognised its influence in practice, the 
form of the secondary winding of his H.F. transformer 
(Fig. 1 6, p. 26) being very like Fig. 109 (below). 

In 1898, knowing the author's experience in electrical 
research, Mr Marconi asked him to assist in the develop- 
ment of his system. The problem which in particular 
required solution at that time was the production of a 
receiving transformer. Attempts had previously been made 
to construct one, but without any lasting success ; and the 
direct connection of the coherer to the earth and aerial 
wires was still the method in use. 

After a few weeks' work transformers were constructed 
which not only obviated the difficulties caused by the 
gradual collection of atmospheric electricity on the aerial, 
but also greatly increased the sensibility of the receiver, 
and later on made tuning possible. 

A short research on the part played by the capacity of 
the adjacent layers of insulated wire which formed the 
windings of the transformer, showed that the condenser 
formed by two short layers of very fine wire, wound one on 
top of the other, had sufficient capacity to carry the whole 
jig current received without the aid of a conducting con- 
nection between them. It was clear, therefore, that capacity 
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must play an extremely important r61e in the internal 
action of the transformer, that, in fact, the electric lines of 
force of the primary must be considered as well as the 
magnetic lines. 

By consideration of the electric and magnetic induction 
between the primary and secondary coils of a small trans- 
former, consisting of only two layers of equal length, it 
may be shown that during a complete alternation of the 
current the electric lines of force of the primary, and con- 



I S / ^.- ^--, \ I S 



Fig. 109.— Half Section op Recbivikg Tran<;former (Jiggrr), DE<iiGN-RD 
TO Utilise Electrostatic Induction. 

/*, Primary in two Parallel Layers ; S, Secondary in Layers of Diminishing Length ; 
Gt Glass Tube. 

lJ\r.B. — Layers of wire are shown as full lines, and not as rows of dots, which would actually 
represent them.] Dotted lines show direction of electric force at time of maximum. 

sequently the current induced by them, are mainly in 
opposition to the E.M.F. resulting from the varying 
magnetic induction due to the primary current. It was 
clearly advantageous to give the secondary some other 
shape so that the electrically and magnetically induced 
currents in the secondary might be brought nearly into 
coincidence. 

One way in which this was accomplished is shown in 
Fig. 109. The dotted lines indicate the direction of the 
electric force between the ends of the primary at times 
when it is a maximum, and indicate how the form of the 
secondary takes advantage of it. 
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In another form the secondary is wound on one half of 
the primary only, the other half being under the first and 




Fig. iio.— Half Section or Rkcbivinc Transformer (Jigger). 

/*, /*, Primary in Two Double Layers, Earth Ends next Glass Tube ; S, S, Sccondar>- ; 
G, Glass Tube. 

thus screened from the secondary. The explanation is the 
same in both cases. 

The author then suggested the form shown in Fig. iii, 



A 







.Y/2ZZC T7777 : 



TZZ^ 



Fig. hi.— Half Section of Receiving Transformer with Split Secondary. 

y, P, Primary ; S, S, Secondary ; A', Condenser ; J?, H, Leads to Relay Circuit ; 
G, Glass Tube. 

the object of placing the condenser in the middle of the 
secondary instead of at one end, as had been previously 
the custom, was to permit of both ends of the secondary 
being connected directly to the coherer terminals so that 
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the coherer should be at the position where maximum 
voltage is developed. This arrangement appears to have 
been adhered to by the Marconi Company. Measurements, 
in which the author was not directly concerned, of the 
lengths of the secondaries of successful jiggers showed that 
in order to obtain the best results it was necessary to give 
the length of the secondary a definite relation to the length 
of the aerial, thus making revibration possible. 

In other forms of winding, as shown in Fig. 27, the 
electric and magnetic inductions assist one another, and of 
course the length of the secondary is such that the receiver 
circuit has the same frequency of vibration as the aerial. 

A successful receiving jigger is thus a resonating trans- 
former designed so that the electric induction assists, or at 
least is not in opposition to, the current produced by change 
of magnetic induction. 

Fig. 27, page 43, shows a direct coupled primary and 
secondary in which the central part of the single layer forms 
the primary, and is also a part of the secondary. In this 
case the capacity between primary and secondary is practi- 
cally negligible, but there is a direct conducting connection 
instead. 

The construction of transmitting transformers is some- 
what simpler, the currents dealt with being much larger, 
and high efficiency not so essential. Those used by most 
companies are simply modifications of Mr Tesla's original 
high frequency resonating transformer. It is needless to go 
into their slight variations in detail. The most interesting 
is Mr Tesla's most recent pattern, the design of which 
is shown in Chapter XVIII. It will be noticed that the 
end of the secondary which attains high potentials is at the 
centre of the disc, and is thus separated by the whole 
radius of the disc from the earthed end. Thus the differ- 
ence of potential between adjacent turns of the secondary 
is comparatively small, and very high voltages may be 
obtained without difficulties due to faulty insulation or to 
capacity. 
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Rate of Sparking— Number of Jigs per Second. — 

Ordinary methods of transmission involve the production 
of a number of sparks per second. Each spark represents 
a train of gradually decreasing oscillations of hi^h fre- 
quency — what we have called a jig, in fact — and is associ- 
ated with a definite amount of energy, which is the same 
for every jig. If, therefore, the apparent or integral current 
due to the passage of a succession of jigs through the 
measuring instrument be increased by increasing the 
number of jigs per second without altering the total energy 
of each, we should find that the current registered is pro- 
portional to the square root of the number per second. 

If we double the number of jigs per second we double 
the watts, or activity ; we do not, however, double the 
current, as shown by an instrument indicating R.M.S. 
current, but merely increase it in proportion to the square 
root of the number per second, for the activity is propor- 
tional not to the current directly, but to its square. 

That this has been proved experimentally to be the 
case is shown by the following extract from an exceedingly 
important paper by Messrs Duddell and Taylor, communi- 
cated to the Institution of Electrical Engineers in 1905 : — 

" Effect of the Rate of Sparking, — With the strongly 
coupled method of transmitting the ammeter indicated, a 
R.M.S. current in the transmitter aerial of 2.31 amperes for 
a rate of sparking of 42 per second ; an increase in the 
speed of the interrupter to give 67 sparks per second, 
keeping the spark length constant, increased the R.M.S. 
current to 2.83 amperes. Thus, although the rate of 
sparking was changed in the ratio of i : 1.60, the current 
in the aerial only altered in the ratio of i : 1.22. Using the 
weak method of coupling, a similar result was obtained. 
In this case an increase in the spark rate in the ratio 
I : 1.67 caused the current to increase in the ratio 
1 : 1.30. It is to be noted that in both cases the R.M.S. 
current in the aerial varied approximately proportional 
to the square root of the rate of sparking. This also 
applies to the current in the receiver aerial. If we now 
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wish to consider how the R.M.S. current in the aerial 
during the train of oscillations produced by each interrup- 
tion of the current of the induction coil is affected by the 
rate of sparking, we must multiply the observed currents 
by the square root of the ratio of the whole time between 
one spark and the next to the time the rate of oscillation 
lasts. Assuming that the time each individual train of 
oscillations lasts is unaffected by the spark rate, we see 
that the R.M.S. current in the transmitter or receiver 
aerial produced by each interruption of the coil current, 
was practically independent of the spark rate." 

Lieutenant Tissot has most kindly permitted me to 
quote the following from a paper communicated by him to 
the Institution of Electrical Engineers in January 1906: — 

" My experimental observations also showed that if the 
number of interruptions is made to vary from n to «' per 
second, the effective value of_ the current received by the 
aerial varies in the ratio of Jn to Jn'. This result, which 
appears in accord with the observations of Duddell and 
Taylor, is readily capable of interpretation by reasoning as 
follows. Let 

I denote the reading on a hot-wire ammeter put in 
series at the bottom of the transmitting wire. 

A = the amplitude of the current in the aerial. 

T = the period. 

j/=the decrement of the oscillation. 
n = number of interruptions, that is of wave trains 
per second. 

" By a simple integration we then obtain for the funda- 
mental wave — 

T2 _, ^ A^ 47r^ rp 

4^ '47r2+y 

2 

" Since the factor 1^ „ is almost equal to unity, it 
47r2 4.y ^ -^' 

is clear that the energy transmitted by a single wave 

train, which is proportional to A^ is given by a relation of 

the form We = KA2 = K'?! (K and K' being constants). In 
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the same manner the energy received for a single wave 
train is easy to compute, if one assumes that the detector 
completely absorbs the energy. If an effective current i is 
obtained with n interruptions, that is, with n trains per 

second, then the equation W=^ expresses the energy 

fi 

received for a single wave train,/ being the resistance of 

the measuring instrument (in this case the bolometer), 

when the number of interruptions varies from n to n\ i 

varies from /to i, and ^ = -, whence i.=-^-" 
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CHAPTER XVII. 

ON THEORIES OF TRANSMISSION. 

In Chapter I. some suggestions have been made as to the 
way in which the electrical energy sent out by the trans- 
mitter may reach the receiver. Opinions still differ con- 
siderably as to the actual mechanism of the process, as 
for instance, in regard to the part played by the earth, and 
the importance of free as opposed to conducted radiation ; 
and a large number of facts as to variations in the possible 
distance of transmission on account of intervening hills and 
atmospheric conditions have yet to be allotted their proper 
places in the general scheme. 

The remarkable fulfilment of a mathematical prophecy 
which we shall consider in the next chapter is a unique 
case in regard to the electrical transmission of energy for 
telegraphy or other purposes, and presents less mathematical 
difficulty than the more ordinary systems. It is these 
latter, however, that we must deal with at present, and in 
doing so it will be well to commence with a survey of the 
electrical properties of the system of conductors and di- 
electrics with which we have to deal. 

The Atmosphere. — This is a thin spherical shell com- 
posed of a rather complex mixture of gases, bounded in- 
ternally by the surface of the earth or sea, and externally 
by what is probably a nearly perfect vacuum. Well known 
facts in regard to meteorites and other cosmical phenomena 
show that the thickness of the shell is not much over lOO 
miles ; it is therefore thin in proportion to its diameter, 
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which is approximately 8,000 miles, and thin also in pro- 
portion to the distances of over 2,000 miles which are 
common in wireless telegraphy. At the earth's surface 
the air pressure is about 1 5 lbs. on the square inch, and 
the density is about .08 lb. per cubic foot ; at the outer 
surface of the shell, say 100 miles above the earth, both 
pressure and density are zero. The pressure and density 
at any intermediate point are calculable by the well-known 
barometric formula. 

The electrical properties of air at various pressures are 
well known. At 15 lbs. on the square inch it is, except 




?///// 






Fig. 112. 

A portion of the Earth and Atma^pherej to scale. E^ the Earth ; F, Outer Space. The 
shaded parts are conductors, the strip between them being the dielectric of Wireless 
Telegraphy. 

for extremely high voltages, a nearly perfect dielectric or 
non-conductor — that is to say, lines of electric force can 
travel through it without appreciable loss by dissipation 
of energy. At a low pressure such as exists at about 
35 miles above the earth, it becomes suddenly conductive, 
and at the pressure which must exist a few miles higher 
up its conductivity, for high frequency currents without 
electrodes, is as great as that of a 25 per cent solution of 
sulphuric acid, so great, in fact, that a layer of half an inch 
thick forms a complete screen through which electric waves 
do not pass.* At lower pressures, about 80 miles up, it 
becomes such a non-conductor as we know it in "hard" 

♦J.J. Thomson^ " Recent Researches in Electricity." * 



Digitized by LjOOQIC 



524 WIRELESS TELEGRAPHY. 

X-ray tubes, and, farther up still, as perfect a dielectric as 
is known. There is a critical value of the pressure, which 
occurs at about 35 miles, below which height the air is 
practically a non-conductor, and above which its con- 
ductivity rapidly attains that of the best electrolytes. The 
non-conducting shell of air which surrounds the earth is 
therefore only about 35 miles thick — less than one hundredth 
part of its radius — and is bounded below by earth, which 
has a resistance of about 6,600 ohms per c.c, or sea, with 
373 oHms per c.c.,* and above by^a'jayer having~a resistance 
ofnot more than 10 ohms per c.c. The upper shell th en 
con^cts at least 660 times as well as damp earth, an d 
nearly 40 times as well as the sea. 

This intermediate non-conducting shell of air is the 
dielectric with which we have to deal in wireless telegraphy. 
Though in general a good insulator, its properties in this 
respect are by no means constant, its ionisation, and con- 
sequently its conductivity, being subject to both regular 
and irregular changes. The most important of the former 
is the diurnal variation corresponding to the daily varia- 
tion of atmospheric electrification. The maxima at the 
earth's surface occur between 8 and 10 A.M., and between 
10 P.M. and I A.M., the minima being at 2 P.M. and 4 A.M. 
It has been found that even air in closed vessels, as well 
as in the open, is subject to these variations. j- In both 
cases the effect is most probably due, directly or indirectly, 
to streams of electrified particles, ejected by t he sun, ini- 
pinging on the upper atmosphere ; the daily variation being 
caused by the rotation of the earth presenting different parts 
in turn to the rays. 

The maxima and minima just given are those observed 
near the earth's surface. Higher up, the variation, as far as 
is known, has only one maximum and one minimum daily, 
the former about noon and the latter at 5 A.M. The times 
of maximum conductivity are those at which there is 

* Brylinski, Soc, Intemat Elect, Bulletin^ 6, p. 255, June 1906. 
t A. Wood, Nature^ 73, p. 583, April 19, 1906. 
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greatest dissipation of energy in the transmission of electric 
force through the dielectric. This occurs in the air not in 
contact with the earth every day about noon. The time of 
minirnum conductivity occurs about 5 A.M., and this is also 
the time, as might be expected, at which wirel ess signals 
travel farthest. 

It may seem curious that increase of conductivity of the 
dielectric causes increase of dissipation of energy, and there- 
fore less efficient transmission ; the difficulty will be at once 
removed, however, when it is remembered that in all modes 
of transmission of electrical energy it is necessary to have 
good insulation, and that any leakage in the insulator 
causes waste, and prevents a proportion of the energy reach- 
ing the desired point The discoverer of this difference 
between day and night was Mr Marconi, who found, while 
on a voyage to America, that signals which failed entirely 
during the day at distances of more than 700 miles were 
easily obtained up to 1,500 miles during the night. The 
time^at which the greatest change occurred was about 7 A.M. 
at the transmitting station, which, as the experiments were 
made about the ist of March, was just after sunrise there. 
He therefore put forward the theory that the weakening must 
be due to the action of daylight on the transmitting aerial 
itself. Professor J. J. Thomson has, however, shown that / 
the waste of energy due to ionisation of the air should be 
greatest where the electrical energy is most concentrated, 
/.^., near the transmitting aerial, and that it increases with 
the wave-length of the transmitted jig. 

The phenomenon is therefore explainable as simply on 
this as on Marconi's hypothesis, and the fact that it is only 
observable in transmission to long distances favours the 
supposition that the loss does not only take place at the 
aerial but is to some extent distributed throughout the whole 
course. 

Captain Jackson's observations on similar alterations in 
the possible distance of signalling, due not to day and night 
but to other changes in atmospheric conditions, are very 

P 
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'<^.. 200 feet Aatonni 
of Insulated Ctbto Core 



interesting. He has found that the maximum signaUing 
distance may be reduced from 65 to 22 miles in apparently 
fine weather, though as a rule, such changes are the ac- 
companiment of a falling barometer and the approach of 
stormy conditions. 

It was also found that during a scirocco wind, which 
is damp and laden with dust from the African coast, the 
distance was very considerably reduced. 

In both cases a change in the properties of the atmo- 
sphere is evidently the 
cause of the variation, 
and apparently the 
change is one which 
causes increased con- 
ductivity and therefore 
greater dissipation of 
energy of the waves 
which are propagated 
through the air. 

Captain Wildman, of 
the United States Army, 
has found that in damp 
and stormy weather the 
transmission of signals 
becomes more difficult. 
His observations were 
made across Norton 




Potentioneler 



Fig. 113.— Captain Wildman's Method of 
Thsting the Intensity of Signals. 



Sound, in Alaska, be- 
tween stations at Safety and St Michael, the distance 
being 107 miles. By shunting the receiving telephone 
(as shown in Fig. 1 13) the strength of the signals could _be 
reduced to a point at which they were just audible. The 
conductivity of the shunt required indicates the strength 
of current in receiving aerial, as it shows how much the 
current may be cut down without causing signals to become 
inaudible. 

Early in March 1906 Captain Wildman kindly sent me 
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the diagram (Fig. 1 14) and notes given below. The obvious 
conclusion which may be drawn from these results is that 
stormy damp weather reduces the strength of signals. This 
coincides with Captain Jackson's observations, and as the 
receivers used in the two cases were entirely different it is 
safe to locate the cause of the variation outside the instru- 
ment room, Le.y either on the aerials, or, more probably, 
in the atmosphere. 

Notes by Captain Wildman.— The thin line representing 
temperatures can be easily traced, the horizontal being marked in 
the extreme left hand column, directly underneath the lines 32. 

The upper dot and dash line is a record of the hot-wire ammeter 
at the sending station. It is merely a relative measure, and does not 
read directly in amperes. A 2-ampere Jones and Phillipps hot-wire 
ammeter, with a large shunt uncalibrated for highly oscillating currents, 
was used. In practice, the inductance in the closed oscillating and 
open radiating circuits are moved until the maximum reading on the 
hot-wire ammeter is obtained. 

The lower dot and dash line represents barometer readings, and its 
scale is between 29 and 31, marked at the extreme left. 

The broken line represents wind velocity in miles per hour, with 
its scale nearest the margin of the chart. 

The thick line represents resistance on coherer obtained by putting 
non-inductive resistance across the telephone cords. 

This gives the relative measure of loudness in the receiver. 

The points on the chart marked with a ♦ are practically the 
only points where discrepancies occur in the parallelism of the wind 
and resistance curves. 

Those on the 25th of November and the 13th of December are 
easily explained as errors in the reading of the operator, or much noise 
in the room, making acute hearing an impossibility. 

That on 5tb January I am unable to explain, unless the day were 
very, very dry, and the wind velocity made no difference, taken in con- 
nection with the fact that the hot-wire ammeter reading was greater 
than it had been for many days. It is also possible that the operator, 
by practice, had been able to cut down the sound in the telephone 
receiver, to a greater extent than when the observations were first 
commenced. On the whole, the two lines parallel each other so well, 
that there is no doubt in my mind that there is some connection 
between the wind velocity and the travelling, or about to travel, electro- 
magnetic wave. 
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Great variations in the strength of the received current 
have also been observed at the Transatlantic stations of the 
Fessenden system. The curve (Fig. 98, p. 182) shows the 
enormous variations which may occur in the course of a 
few days, due to causes apparently beyond the control of 
the operators ; e.g,^ to atmospheric changes. 

The Earth. — Let us now consider the electrical pro- 
perties of the other factor concerned in transmission, viz., 
the earth. This body is, roughly, a sphere of about 4,000 
miles radius. Its properties as a single electrical conductor 
will be considered in the next chapter, in the meantime we 
shall confine ourselves to the conductivity of its upper 
layers, since these only are concerned in ordinary wireless 
telegraphy, because high frequency currents do not pene- 
trate far into a conductor. 

M. Brylinski, in an exhaustive paper on the resistance 
of conductors to variable currents,* discusses thoroughly 
the resistance of the earth and sea to currents of low and 
high frequencies, whether uniformly alternating or damped. 
Assuming the value 6,600 ohms per c.c, based on experi- 
ments, for the resistance of damp earth, and unit permea- 
bility, M. Brylinski shows that if the frequency of alternation 
of a current be 10 millions per second, which corresponds 
roughly to those employed in wireless transmission, prac- 
tically the whole current will be confined to a layer not 
more tRan^iS metre^ deep. If the current be damped, the 
depth is decreased, and therefore the effective resistance is 
increased. 

The depth of the useful layer in salt water is about one 
quarter of that in earth, Le.^ about 4 metres ; but as the 
conductivity of salt water is about seventeen times as great 
as that of soil, the effective resistance is much less. 

If the soil contain iron or other magnetic material, the 
depth of penetration is enormously decreased. 

These facts probably account in great part for differ- 

* Soc, Int. Elect, Bulletin^ 6, pp. 255-300, June 1906 
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ences in the possible distance of transmission over hills of 
various materials which were observed by Captain Jackson 
in a most interesting series of experiments, which we shall 
consider later. 

Stated in words, M. Brylinski's principal result is as 
follows : — In spite of the infinite depth of the conductor, 
the resistance of a strip of finite width has a finite and 
calculable value which increases with the specific resistance, 
with the frequency, with the permeability, and with the 
damping. He has also calculated a similar formula for the 
inductance of the useftil layer. 

Thus we see that if a jig of given frequency and 
damping is conducted along the earth's surface, the resist- 
ance of the layer which carries the current is increased if 
the specific resistance or permeability is increased. Now 
let us examine Captain Jackson's observations, which are 
the result of a large number of experiments made between 
vessels fitted with what is practically his own system of 
wireless telegraphy. In each case the maximum distance 
of transmission over sea was known, so that the reduction 
due to any intervening land could be found by direct 
experiment In all cases a certain proportion of the 
distance, generally much the greater part, was sea, a fact 
which must be kept in mind in what follows. Experiments 
such as these, showing actual dissipation of energy en route^ 
in addition to the reduction due to the increasing diameter 
of the wave, assist greatly in making clear the method of 
propagation of the waves. The chief results may be sub- 
marised thus : — 

If the possible distance over sea be taken as lOO, the 
distance when sandstone or shale intervened was 72, with 
hard limestone intervening 58, and with limestone con- 
taining iron ores, 32. 

Now, recollecting that sandstone has a much higher 
resistance than sea water, and limestone than sandstone, 
and that limestone containing iron ores has both high 
resistance and permeability, we are at once driven to the 
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conclusion, by comparison of these figures with M. Brylinski's 
formula, that the distance to which wireless transmission is 
possible is governed to a large extent by the resistivity and 
permeability of the useful upper layer of the earth or sea. 
Since, therefore, the nature of the earth's surface determines 
the distance to which signals can be transmitted, it is clear 
that whatever be the distribution and shape of the lines of 
force in the atmosphere, transmission depends directly on 
the action of the earth as a conductor — at least in an 
earthed system such as was used by Captain Jackson. 

Having established so much, let us consider the course 
of the lines of force which accompany the current. In 
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Fig. 115.— Diagram explanatory of one of Captain Jackson's Experiments on 
Screening. (Roughly to Scale.) 

general a line of electric force is at right angles to a con- 
ductor where it meets it ; in our case, therefore, they are 
approximately vertical to the surface of the earth or sea. 
If they are, as we suppose, travelling with their ends con- 
tinuously attached to the earth, they will be at right angles 
to the surface whether this surface be level or not. Also if 
sharp bends occur in the surface, the lines will also be bent 
at a short distance above the surface. 

One of Captain Jackson's observations appears to bear 
directly on this latter question. It is a case in which 
signals suddenly failed when the motion of the receiving 
vessel brought a high promontary of land between her and 
the transmitter. I have made a sketch, roughly to scale, 
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from Captain Jackson's description of this experiment 
showing the position of the ship and the cliff, and I have 
put in approximately the moving lines of force. It will be 
seen that the mast and aerial wire on the ship are at such 
an angle to the lines of force that even if the resistance of 
the land had not previously reduced the current, no signals 
could be received. The aerial practically lies parallel to 
the surface of the earth (the face of the cliff), with the insu- 
lated end pointing towards the direction from which the 
waves come. This position is, as is well known, an ex- 
tremely disadvantageous one for the reception of signals. 
That the bending of the lines and not their absence is, in 
part at least, the cause of this apparent screening, is 
rendered still more probable by the observation that though 
no signals could be received close to the land, in one 
instance, they could be obtained at a greater distance from 
the transmitter by moving the ship away from the land in 
a straight line. Our explanation is that the lines have 
approximately regained their vertical direction. 

If, in the first experiment. Captain Jackson had inclined 
the aerial away from the cliff at a considerable angle he 
would probably have received signals. 

It is also true that these sudden changes of direction of 
motion cause some dissipation of energy owing to the 
induction of what are practically eddy currents in the con- 
ducting surface, and that any bend in a conductor means 
an increase of inductance. Recent experiments by Mr De 
Forest and Mr Marconi, described in Chapter XV., with 
horizontal wires laid on the ground or at only a short dis- 
tance above it, entirely confirm the theory that in these 
systems of telegraphy the lines of force are attached to the 
earth, and are guided hy it. 

Leaving for a time the consideration of the earth 
currents, and of the field of electric force immediately 
above the earth's surface, let us see what must occur in the 
intermediate and upper regions of the atmosphere. 

Firstly we must notice that by an application of Lord 
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Kelvin's method of " Electrical Images," which appears to 
be perfectly legitimate in the circumstances, it has been 
shown that the form of the lines of force in the case of a 
vertical aerial conductor with spark-gap at the bottom is the 
same as would be produced if a second aerial equally, but 
oppositely charged, and of the same dimensions, were run 
vertically downwards from the spark-gap, and the earth 
removed altogether. This statement, of course, only holds 
exactly if the surface of the earth be a plane conducting 
surface, hills and variations in the nature of the surface 
will make certain modifications and corrections necessary. 
The lines of force may thus be taken from Hertz's diagrams 
by drawing a horizontal line through the middle point of 
the oscillator to represent the earth's surface, and obliterat- 
ing the part of the diagram below it : their form is shown in 
Figs. 10-13, page 18. 

As these hemispherical waves attain larger and larger 
diameter their wave-length remains constant, hence the 
width of the strip on which the base of the wave stands is 
constant. Thus at the earth's surface the only variation is 
in the circumference of the strip, and as this is inversely 
proportional to the distance from the transmitter we find 
that the electric force and the displacement at any point 
of the surface are inversely proportional to the distance 
from the transmitter. The energy per unit volume, which 
is proportional to the product of the force into the dis- 
placement, is therefore proportional to the square of the 
distance. 

This holds only for the immediate neighbourhood of the 
surface, if the wave be spherical ; higher up the energy 
becomes less and less dense, and is zero in the vertical line 
above the aerial. The propagation of this type of electrical 
disturbance has been investigated by Heaviside and by 
Blondel. Heaviside has also suggested that an upper con- 
ducting layer of the atmosphere might prevent the radiation 
of electrical energy into space, and so modify the spherical 
form of the waves, rendering them ultimately cylindrical at 
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a considerable distance from the origin.* In a paper com- 
municated to the Institution of Electrical Engineers, in 
December 1905, the author independently restated this 
proposition, and adduced some arguments in its favour, 
including the experimental results of Professor J. J. Thom- 
son mentioned above, and the observations of aurorae re- 
cently made by Danish meteorologists, which prove that 
aurorse are limited to the layer of the atmosphere between 
six and sixty miles above the earth's surface, and therefore 
that this layer is conductive; since then a further proof, 
which will be considered in the next chapter, has been 
given of the part played by the upper atmosphere, confirming 
by direct electrical experiment the conclusions deduced in 
the earlier part of this chapter from physical considerations. 
Messrs Duddell and Taylorf found from experiments 
made between a station at Howth and H.M.T.S. "Monarch" 
in the Irish Channel, that the received current received 
varies at distances beyond ten or fifteen miles, in almost 
exact simple inverse proportion to the distance between the 
stations. The result admits of no question, the experiments 
having been carried out most carefully and with wonderfully 
concordant results. They have been fully confirmed by 
Lieutenant Tissot.J The measurements were made with Mr 
Duddell's thermo-ammeter and thermo-galvanometer, the 
former in the transmitting aerial and the latter in the receiver. 
The greatest distancereached was Holyhead,sixty miles from 
the station at Howth. The results of these experiments 
are of so great importance that with the kind permission of 
the authors I reproduce the diagrams which give the details. 
There are many interesting points to be noted in connection 
with them, explanations of some of which we may be able to 
give from consideration of our deductions from the work of 
M. Brylinski and Captain Jackson. 

♦ "Encyclopaedia Britannica," art. Telegraphy, vol. 33, p. 215. 
\ Journal of the Institution of Electrical Engineers ^ No. 174, 
vol. 35, July 1905. 

X Ibid, No. 177, vol. 36, April 1906. 
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Admitting then, as is generally done by those best 
qualified to judge, that the application of the method of 
electrical images, described above, to the problem of deter- 
mining the form of the lines of force during their outward 
motion, is legitimate, we see that waves must on the earth's 
surface consist of a series of concentric circles whose centre 
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Fio. ii6.— DuDDELL AND Taylor's Sketch Chart, Howth to Holyhead. 

is the transmitter. The width of the circular strip con- 
taining the jig will be approximately constant, and will 
depend on the number of waves in the jig and on the wave- 
length. In the transmission of a jig to distances greater 
than (wave-length) x (number of waves in the jig), the last 
wave will have left the transmitter before the first has ar- 
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rived at the receiver. Hence in this case the receiver has 
no influence on the transmitter. This is generally the case 
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at distances above a few miles. Fig. 1 20 shows roughly the 
form of the wave fronts of the jig in two positions — ( i) when 
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just clear of the transmitter, and (2) when it has commenced 
to affect the receiver. From this diagram, and from the 
fact that the jig current is confined to a thin layer of the 
earth's surface, we see that it is the resistance of a strip 
stretching from one station to the other, and more particu- 
larly the resistance of a V-shaped slab near each station that 
influences the propagation of the jig, and therefore the re- 
ceived current. Let us first take the case of two stations 
both of which are situated on an interrupted plain or on the 



A B 

Fig. lao. — Diagram Showing Plan of Pkoi-agation ok Jigs along Earth's 
Surface. 

i4, Jig leaving Transmitter ; By Jig afFectlng Receiver. The dotted lines enclose the 
*' useful strip " of earth whose resistance directly effects transmission. 

sea. The jig from the transmitter travels outwards un- 
modified except by its increasing circumference and by the 
slight losses due to frictional dissipation of energy caused 
by the resistance of the earth and the imperfect insulation 
of the atmosphere. Neglecting the frictional losses for the 
present, we see that theory, confirmed by Duddell and 
Taylor's experiments, gives a variation in the electric force, 
and therefore in the received current, which is inversely 
proportional to the distance from the transmitter. We shall 
call this the law of divergence, as it shows the loss of energy 
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due to purely geometrical considerations. It may be ex- 
pressed symbolically as 

where c is the current in the receiving aerial, d the distance 
of transmission, and C a constant. 

If we take the curvature of the earth into account, and 
proceed to trace the variation of the wave front at greater 
distances than those of Duddell's experiments, which only 
extended to sixty miles, we find from simple mathematical, 
or rather geographical, considerations that the radius of the 
circle in which the wave front cuts the globe is directly 
proportional to the sine of the angle at the earth*s centre 
subtended by the arc of the surface between the transmitter 




7777777/. 



Fig. 121. 



and the wave front. This agrees with Duddell's law, be- 
cause for small distances sin B is nearly equal to d. For 
greater distances, however, the divergence becomes less and 
less, and at distances beyond 6,000 miles, />., beyond 

^=-, the waves converge, and the current should increase 

with distance. This is true on any theory whatever, as the 
wave front is becoming a smaller and smaller ring, con- 
tinually converging from all sides towards the antipodes of 
the transmitting station. 

The equation for the received current is thus of the 
form : — 



sin 61' 



(A) 
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where c is the received current, B the angle defined above, 
and C a constant. 

Fig. 121 gives a rough representation of the lines of 
electric force as they spread from the transmitter outwards. 

The above law of variation of the received current with 
distance is obviously not complete. We have so far sup- 
posed that the lowest layer of the atmosphere is a perfect 
dielectric, and that the earth and upper atmosphere are 
perfect conductors, />., that no dissipation of energy is 
involved, the decrease of current being simply due to 
increase in area of the wave front. 

We must now take account of frictional losses, in order 
to complete the law as far as possible ; though with the 
data at present available only a rough approximation can 
be attempted. It will be possible to amplify the equation 
when further measurements have been made, and to deter- 
mine more exactly the functions and constants involved. 

The first indication of a true frictional dissipation of 
energy in transmission was found in Marconi's discovery 
that messages could be received at much greater distances 
during the night than by day. There cannot be much 
difference between the divergence variations by night and 
day, as the earth does not change its shape ; this pheno- 
menon has therefore to be explained by some difference 
in the electrical properties of the transmitting media. Now 
the conductivity of the earth cannot be seriously altered by 
the sun*s rays; the atmosphere, however, may be much 
affected. Cosmical science has made many striking ad- 
vances lately, and it is now practically certain that streams 
of electrified particles, resembling the cathode rays, are 
ejected from the sun with a very high velocity. These 
penetrate the earth's atmosphere on the day side, electri- 
fying it, and at the same time ionising it, thus rendering it 
more conductive. During the night equilibrium becomes 
slowly restored, and towards five o'clock in the morning a 
very marked minimum of atmospheric electrification has 
long been known to exist. The time at which signals go 
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farthest thus coincides with a minimum conductivity of the 
lower layers of the atmosphere, while greater conductivity 
of the lower layers during the daytime coincides with 
greater difficulty in transmission. 

Now an electric wave must have either an all-dielectric 
medium or a dielectric bounded by conductors ; it cannot 
penetrate far through a conductor. Thus if all the atmo- 
sphere were conductive the wave would travel only a very 
short distance before being dissipated by resistance, and 
transmission to a great distance would be impossible. 
The conditions would be similar to an attempt to trans- 
mit current along a concentric cable with bad insulation 
between the conductors. The good insulation is just as 
essential as the conductors. We may take it, then, that 
during the night the lowest ten miles of the atmosphere is 
a good dielectric, while during the day it becomes slightly 
conductive. 

To obtain a rough estimate of the amount of this dissipa- 
tion, we may take Mr Marconi's statement, that 500 miles 
during the day is roughly equivalent to 1,000 by night 
The variation is not so noticeable at short distances, being 
in this case so very much less important than the diver- 
gence, though it is distinctly traceable in Duddell and 
Taylor's results; 

Let us assume that the law of divergence is that given 
above — Equation (A) — /.^., that the undissipated current 
would vary inversely as the sine of the angle between the 
places, or approximately, for the distances under considera- 
tion, inversely as the distance along the earth's surface. 

We then have Duddell's law — 

^xrf= constant, 

where c is current received, and d is distance between the 
stations. 

Now assume as a first approximation that there is no 
dissipation at night ; then the current lost, by divergence 
only, between 500 and 1,000 miles at night is all spent by 

Q 



Digitized by LjOOQIC 



242 WIRELESS TELEGRAPHY. 

dissipation during the day before 5CX) miles is reached. 
Again, the divergence alone between 5CX) and i,ooo miles 
would reduce the current to one-half, since i,ooo is twice 
SCO. Therefore the current at 500 miles during the night 
is twice the current which will just work the receiver. The 
current lost by dissipation during the day throughout 500 
miles is therefore equal to that which will just work the 
receiver. We have thus obtained an approximate value of 
the dissipation from Mr Marconi's experiments. If we call 
the minimum working receiver current of Mr Marconi's 
receiver M, then the current lost through dissipation is 

roughly — per mile. 

This dissipation is no doubt a function of the distance, 
the form of which I hope to be able to determine later. 
It is also, of course, a function of the state of the atmo- 
sphere, as regards electrification, and varies from a minimum 
in the very early morning to a maximum in the evening. 

M 

In the meantime we may take — as a rough approxi- 
mation to its average midrday value, under the circum- 
stances considered. 





The approximate equation 


""sin 6 
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signals then becomes — 










sind 


500 




- - (B) 



where — 



and — 



^= received current, 
C = a constant, 

M = minimum current which will actuate receiver, 
ci= miles distance, 



^ = angle subtended at centre of earth by arc d, 

since =^, approximately, sii 

radius is 3,500 nautical miles, .-. //= 3,500 6. 



Now since =^, approximately, since the earth's 

3500 
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To determine C from (A) we notice that c=C, if sin 6 

= I, t\e.y if 6 = -. C is thus the value of r at 5400 nautical 

miles, or an earth quadrant from the transmitter during the 
night, t\e.y when no dissipation. We may state it as C=JkM 
if we like to take M as a unit, />., the undissipated current 
at 5,400 nauts. is k times that necessary to work the 
receiver. 

The equation then becomes — 



^=^(iI^^-^^) - - - (c) 



To find the limit of distance with any given power we 
must have ^=M, j>., the current at the receiver is just the 
smallest possible working current. 

The equation (C) then becomes : 

'=s-0-'^' - - - (D) 

or — 

y^-sin^(7^+i) = o - - - (D^) 

The number seven in this equation is only a rough 
approximation, suitable to the case under consideration. 
It should properly be replaced by some function of 6, 

Let us now consider Duddell and Taylor's results for 
shorter distances in the light of this explanation. 

Remarking on the slight decrease in the product ^ x rf 
at long distances, they suggest reflection from the Hill of 
Howth as a cause, mentioning that another possible, but 
apparently less probable, explanation is that the cross- 
channel runs were made in damp, misty daylight, while the 
up-and-down channel course was made in the night and 
early morning with a clear frosty atmosphere. To me this 
latter suggestion is far more probable than the first We 
know that such a difference exists from Marconi's results. 
It is worth while to attempt to derive it from Messrs 
Duddell and Taylor's measurements. We may take from 
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their curves the following data, comparing the day and the 
night experiments. 
(I.) Night 

"Monarch" Coming South towards Howth. 

Distance off Howth 18 ... 36 Miles. 

cy^d 3»850 ... 3,820 Micro-amperes 

X Miles. 

Thus at 18 miles the current was 214 mA., and at 36 miles 
106. 1 mA. 

Now, by divergence alone the current would at 36 miles 
have been one-half that at 18 miles, i,e.^ 107 mA. The 
dissipation loss is thus 0.9 mA. in 18 miles, or roughly 0.05 
mA. per mile on 214 mA. 

(2.) Day, 

In a similar way we may obtain by averaging curves, 
representing the same quantities on the voyage to Holy- 
head and back during the day, the value 7.2 mA. lost 
between 30 and 60 miles off Howth. This amounts roughly 
to 0.24 mA. per mile on a maximum current of 120 mA. 
Reducing the result given in (i) to suit this maximum 
current, we see that the dissipation by night is to that by 
day in the ratio of about .025 to .24, />., the dissipation 
during the day is approximately ten times as much as at 
night. 

Messrs Duddell and Taylor attempted to measure the 
day and night variation between Howth and Kingstown, 
but did not find as much as i per cent, difference. This 
was natural, as these points are only about six miles apart, 
hence the total dissipation was very small in both cases. 
The difference of the values for night and day which I 
have deduced above would barely amount to i per cent, of 
the total in five miles. 

Comparing the value of the dissipation determined from 
Marconi's experiments with that obtained from Duddell 
and Taylor's, we find that they are of the same order of 
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magnitude. Nearer than this we cannot at present go, 
since the minimum working current of Marconi's long- 
distance receiver is not known. 

Effects of Unsymmetrical Distribution of Resist- 
ance in the Neighbourhood of the Receiving Station. 

— Messrs Duddell and Taylor attribute the unexpectedly 
large currents indicated by the humps in the curves in Figs. 
118 and 119, to effects of reflection from the mainland of 
Howth Head or the islands. When we consider, however, 
how comparatively slight is the slope of even a " precipitous " 
headland we see that waves travelling in straight lines 
would, on striking the slope, be shot up skywards and could 
by no means reach the receiving station on the earth. Cap- 
tain Jackson's suggestion made in the discussion on the 
paper, that the humps might be due to the interference of 
the two jigs of different wave-length sent out simultaneously 
by every transmitter, is rendered improbable as an explana- 
tion in the present case by the fact that the distance over 
which the hump stretches is so different in the two voyages 
of the "Monarch." 

1 would suggest that the following explanation is free 
from either objection, and explains the facts more simply. 

The Howth receiving station was situated on land near 
the sea (see sketch map), at a place where the coast line runs 
approximately east and west. There was therefore land 
on the east and south sides of the station. Fig. 122 shows 
how this configuration of the land and sea would affect, 
by the difference of resistance, the current transmitted. 
The upper shaded elliptical surface shows the part of the 
useful strip of the earth's surface near the receiver at the 
end of the voyage from Holyhead. In this case it is 
almost entirely sea. The same is true at the commence- 
ment of the outward voyage towards Ireland's Eye. 

The other shaded portion of the diagram shows that at 
seven miles out the strip now includes, near the receiver, a 
large piece of land of high resistance. There is not much 



Digitized by VjOOQIC 



246 



WIRELESS TELEGRAPHY. 



further variation in the land included, as the voyage is 
continued ; there is also but little variation in electrical 
conditions as shown by the curve of Fig. 1 19. 

On the return voyage a more northerly course was 
taken, and Howth was "opened up" at a much greater 
distance ; thus the amount of land included in the course of 
the current near the receiver was the same at twenty miles 
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off Howth on the return journey as it had been at seven 
miles out on the outward trip. The inclusion of a greater 
length of sea in the useful strip makes but little difference 
in the total resistance, since the resistance of sea water is 
so low ; the resistances in the two cases are therefore practi- 
cally equal. 

Now the products (received current) (distance), whose 
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values indicate the losses of energy from causes other than 
simple geometrical divergence, are, when the " Monarch " 
was at the positions just mentioned, exactly equal ; the 
•* other cause " is therefore almost certainly the resistance 
of the useful strip. The coincidence seems too clear to be 
the result of chance, and a minute study of the curves and 
map at smaller and greater distances of transmission, gives 
nothing but confirmation of the view that under similar 
atmospheric and instrumental conditions, the resistance of 
the useful strip is the most important factor, next to 
geometrical divergence itself, in determining the current 
received. A comparison, for instance, of the values of the 
product ^ X rf for positions north and south of Howth, with 
that for the intermediate case just cited shows a similar 
relation. Thus, north of Howth, where the useful strip near 
the receiver is all sea, ^xrf=48o; east of Howth, where 
nearly half the strip is land, ^xrf=36o; and south of 
Howth, with useful strip all land, cxd— 200. These 
numbers indicate an almost exact proportionality between 
the received current and the conductance of the useful strip 
near the receiver. Many facts well known to wireless tele- 
graphists, as, for instance, that it is better to place a station 
on a flat shore near the sea than on a hill farther in- 
land, afford independent evidence of the correctness of this 
theory. 
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CHAPTER XVIII. 

WORLD- WAVE TELEGRAPHY, 

Mr Tesla in the year 1905 patented a system of wireless 
telegraphy and distribution of electrical energy which 
utilises the whole world as a conductor by the creation of 
stationary electric waves on it. In 1893 he suggested the 
possibility of doing so, in 1899 he discovered experimentally 
that such waves are produced by thunderstorms, and in 
1906 he states that he has so far perfected his apparatus as 
to be able to produce them artificially. 

What had previously been deduced theoretically in 
regard to such waves may be given in the words of one of 
our best known physicists, the late Professor G. F. Fitz- 
gerald. In 1893 Professor Fitzgerald wrote* as follows: — 

" The period of oscillation of a simple sphere of the 
size of the earth, supposed charged with opposite charges 
of electricity at its ends, would be about xV of ^ second ; 
but the hypothesis that the earth is a conducting body 
surrounded by a non-conductor is not in accordance with 
fact. Probably the upper regions of our atmosphere are 
fairly good conductors. . . . If we assume the height of the 
region of the aurora (/.^., the upper conducting layer) to be 
60 miles, or 100 kilometres, we get a period of oscillation 
of 0.1 sec. Assuming it to be six miles (or 10 km.), the 
period becomes 0.3 sec. . . . Dr Lodge has already looked 
for evidence ... on the assumption that the period would 
be yV sec. ; but with a negative result." 

* NaturCy September 28, 1893. 
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Sir Oliver Lodge's experiments were made at a period 
when the resources of the wireless telegraph receiver were 
unknown. Some years later Mr Tesla, having developed a 
sensitive wireless receiver capable of being tuned to jigs of 
any frequency, erected an experimental station at Colorado 
Springs, and spent many months in observing the electrical 
disturbances produced in the earth by the extremely 
violent thunderstorms which are common in that district. 

Through the courtesy of Mr T. C. Martin, Editor of the 
Electrical World and Engineer^ New York, I am enabled to 
make the following quotations from Mr Tesla's only publi- 
cations on the subject. In 1893 Mr Tesla said : * — 

" Assume that a source of alternating currents be con- 
nected, as in Fig. 1 23, with one of its terminals to earth 
(conveniently to the water mains), and with the other to a 
body of large surface P. When the electric oscillation is 
set up there will be a movement of electricity in and out of 
P, and alternating currents will pass through the earth, con- 
verging to, or diverging from, the point c where the ground 
connection is made. In this manner neighbouring points 
on the earth's surface within a certain radius will be dis- 
turbed. But the disturbance will diminish with the distance, 
and the distance at which the effect will still be perceptible 
will depend on the quantity of electricity set in motion. 
Since the body P is insulated, in order to displace a con- 
siderable quantity the potential of the source must be 
excessive, since there would be limitations as to the surface 
of P. The conditions might be adjusted so that the 
generator or source s will set up the same electrical move- 
ment as though its circuit were closed. Thus it is certainly 
practicable to impress an electric vibration at least of a 
certain low period upon the earth by means of proper 
machinery. At what distance such a vibration might be 
made perceptible can only be conjectured. I have on 
another occasion considered the question how the earth 
might behave to electric disturbances. There is no doubt 
that, since in such an experiment the electrical density at 

♦ " Inventions, &c., of Nikola Tesla,*' p. 348, T. Commerford 
Martin (New York, 1893). 
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the surface could be but extremely small considering the 
size of the earth, the air would not act as a very disturbing 
factor, and there would not be much energy lost through 
the action of the air, which would be the case if the density 
were great. Theoretically, then, it could not require a 
great amount of energy to produce a disturbance per- 
ceptible at great distance, or even all over the surface of 
the globe. Now, it is quite certain that at any point within 
a certain radius of the source s, a properly adjusted self- 
induction and capacity device can be set in action by 
resonance. But not only can this be done, but another 
source Sp Fig. 123, similar to S, or any number of such 
sources, can be set to work in synchronism with the latter, 
and the vibration thus intensified and spread over a large 
area, or a flow of electricity produced to or from the source 
Si if the same be of opposite phase to the source S. I think 
that beyond doubt it is possible to operate electrical devices 



i i 

Fig. 133.— Tesla's Suggested Wireless Telegraphy. 

in the city through the ground or pipe system by resonance 
from an electrical oscillator located at a central point. But 
the practical solution of this problem would be of incom- 
parably smaller benefit to man than the realisation of the 
scheme of transmitting intelligence, or perhaps power, to 
any distance through the earth or environing medium. If 
this is at all possible, distance does not mean anything. 
Proper apparatus must first be produced, by means of 
which the problem can be attacked, and I have devoted 
much thought to this subject. I am firmly convinced 
that it can be done, and hope that we shall live to see 
it done." 

In March 1905, Mr Tesla, describing his Colorado 
experiments of 1899, mentions that one evening a violent 
thunderstorm had gathered in the mountains and drifted 
eastwards over the observing station. When it had passed, 
he continues : — 
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Fic. 134.— Mr Tesla's Elsctrical Observatory at Colorado SfxiNCs. 
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"The recording apparatus being properly adjusted, its 
indications became fainter and fainter with the increasing 
distance of the storm, until they ceased altogether. I was 
watching with eager expectation. Surely enough, in a little 
while the indications began again, grew stronger and 
stronger, and, after passing through a maximutn, gradually 
decreased and ceased once more. Many times, in regularly 
recurring intervals, the same actions were repeated until 
the storm, which, as evident from simple computations, was 
moving with nearly constant speed, had retreated to a 
distance of about 300 kilometres. Nor did these strange 
actions stop then, but continued to manifest themselves 
with undiminished force. Subsequently similar observa- 
tions were also made by my assistant, Mr Fritz Lowenstein, 
and shortly afterward several admirable opportunities pre- 
sented themselves which brought out still more forcibly and 
unmistakably the true nature of the phenomenon. No 
doubt whatever remained ; I was observing stationary 
waves. 

" As the source of the disturbances moved away the 
receiving circuit came successively upon their nodes and 
loops. Impossible as it seemed, this planet, despite its vast 
extent, behaved like a conductor of limited dimensions." * 

The electric observatory is shown in Fig. 1 24. 

The actual results of this investigation are described in 
the British patent No. 8,200 of 1905, from which I quote 
the following : — 

" It has long since been known that electric currents may 
be propagated through the earth, and this knowledge has 
been utilised in many ways in the transmission of signals 
and the operation of a variety of receiving devices, remote 
from the source of energy, mainly with the object of dis- 
pensing with a return conducting wire. 

"It is also known that electrical disturbances may be 
transmitted through portions of the earth by grounding 
only one of the poles of the source, and this fact I have 
made use of in systems, which I have devised for the 
purposes of transmitting through the natural media intelli- 

* Electrical World and Engineer^ New York, March 5, 1904. 
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gible signals or power, and which are now familiar. But all 
experiments and observations heretofore made have tended 
to confirm the opinion held by the majority of scientific 
men, that the earth, owing to its immense extent, although 
possessing conducting properties, does not behave in the 
manner of a conductor of limited dimensions with respect 
to the disturbances produced, but, on the contrary, much 
like a vast reservoir or ocean which, while it may be locally 
disturbed by a commotion of some kind, remains unrespon- 
sive and quiescent in a large part or as a whole. 

" Still another fact, now of common knowledge, is that 
when electrical waves or oscillations are impressed upon 
such a conducting path as a metallic wire, reflection takes 
place under certain conditions from the ends of the wire, 
and, in consequence of the interference of the impressed and 
reflected oscillations, the phenomenon of * stationary waves,' 
with maxima and minima indefinite, fixed positions, is pro- 
duced. In any case the existence of these waves indicates 
that some of the outgoing waves have reached the boundaries 
of the conducting path and have been reflected from the 
same. 

" Now I have discovered that notwithstanding its vast 
dimensions, and contrary to all observations heretofore 
made, the terrestrial globe may, in a large part or as a whole, 
behave towards disturbances impressed upon it in the same 
manner as a conductor of limited size, this fact being 
demonstrated by novel phenomena which I shall hereinafter 
describe. 

"In the course of certain investigations which I carried 
on for the purpose of studying the effects of lightning dis- 
charges upon the electrical condition of the earth, I observed 
that sensitive receiving instruments, arranged so as to be 
capable of responding to electrical disturbances created by 
the discharges, at times failed to respond when they should 
have done so, and upon inquiring into the causes of this 
unexpected behaviour, I discovered it to be due to the 
character of the electrical waves, which were produced in 
the earth by the lightning discharges and which had nodal 
regions following at definite distances, the shifting source 
of the disturbances. From data obtained in a large number 
of observations of the maxima and minima of these waves, 
I found their length to vary, approximately from 25 to 70 
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kilometres, and these results and certain theoretical deduc- 
tions led me to the conclusion that waves of this kind may 
be propagated in all directions over the globe, and that 
they may be of still more widely differing lengths, the 
extreme limits being imposed by the physical dimensions 
and properties of the earth. 

" Recognising in the existence of these waves an unmis- 
takable evidence that the disturbances created had been 
conducted from their origin to the most remote portions 
of the globe and had been thence reflected, I conceived the 
idea of producing such waves in the earth by artificial 
means, with the object of utilising them for many useful 
purposes for which they are or might be found applicable. 

" This problem was rendered extremely difficult owing 
to the immense dimensions of the earth and, consequently, 
enormous movement of electricity, or rate at which electrical 
energy had to be delivered, in order to approximate, even in 
a remote degree, movements or rates which were manifestly 
attained in the displays of electrical forces in nature, and 
which seemed at first unrealisable by any human agencies. 
But by gradual and continuous improvements of a generator 
of electrical oscillations, which I have described in the 
Specifications of my United States Patents, Nos. 645,576 
and 649,621, and in the Specification of my British Patent, 
No. 24,421 of 1897, 1 finally succeeded in reaching electrical 
movements, or rates of delivery of electrical energy, not 
only approximating but, as shown in many comparative 
tests and measurements, actually surpassing those of light- 
ning discharges, and by means of this apparatus I have 
found it possible to reproduce whenever desired phenomena 
in the earth the same as or similar to those due to such 
discharges. 

" With the knowledge of the phenomena discovered by 
me, and the means at command for accomplishing these 
results, I am enabled not only to carry out many operations 
by the use of known instruments, but also to offer a solution 
for many important problems involving the operation or 
control of remote devices which, for want of this knowledge 
and in the absence of these means, have heretofore been 
entirely impossible. 

" For exam pie, by the use of such a generator of stationary 
waves and receiving apparatus, properly placed and adjusted 
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Fig. 125.— Mr Tesla's Transmitting Station on Long Island. 
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in any other locality, however remote, it is practicable to 
transmit intelligible signals ; or to control or actuate at will 
any or all of such apparatus for many other important and 
valuable purposes, as for indicating wherever desired the 
correct time of an observatory ; or for ascertaining the 
relative position of a body or distance of the same with 
reference to a given point ; or for determining the course of 
a moving object, such as a vessel at sea, the distance tra- 
versed by the same or its speed ; or for producing many 
other useful effects at a distance dependent on the intensity, 
wave-length, direction or velocity of movement, or other 
feature or property of disturbances of this character. 

" I shall typically illustrate the manner of applying my 
discovery by describing one of the specific uses of the same, 
namely, the transmission of intelligible signals or messages 
between distant points, and with this object reference is 
now made to the accompanying drawings, in which — 

"Fig. 126 represents diagrammatically the generator 
which produces stationary waves in the earth, 

"Fig. 127 an apparatus, situated in a remote locality, 
recording the effects of these waves, and 

"Fig. 128 the usual arrangement of the circuits of my 
receiving transformer. 

" In Fig. 126 A designates a primary coil forming part of 
a transformer, and consisting generally of a few turns of a 
stout cable of inappreciable resistance, the ends of which 
are connected to the terminals of a source of powerful 
electrical oscillations, diagramically represented by G. This 
source is usually a condenser charged to a high potential, 
and discharged in rapid succession through the primary, 
as in a type of transformer invented by me and now well 
known, having been described in my patents on apparatus 
of this kind, of which it will be sufficient to mention my 
British Patent, No. 20,981 of 1896. But when it is desired 
to produce stationary waves of great lengths, an alternating 
dynamo of suitable construction may be used to energise 
the primary A. 

" C is a spirally wound secondary coil within the primary, 
having the end nearer the latter connected to the ground 
E, and the other to an elevated terminal D. The physical 
constants of coil C, determining its period of vibration, are 
so chosen and adjusted that the secondary system E C D is 
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in the closest possible resonance with the oscillations im- 
pressed upon it by the primary A. It is, moreover, of the 
greatest importance in order to still further enhance the 
rise of pressure and to increase the 
electrical movement in the secon- 
dary system, that its resistance be 
as small as practicable, and its 
self-induction as large as possible 
under the conditions imposed. 
The ground should be made with 
great care, with the object of re- 
ducing its resistance. 

" Instead of being directly 
grounded, as indicated, the coil c 
may be joined, in series or other- 
wise, to the primary A, in which 
case the latter will be connected 
to the plate E. But be it that 
none, or a part, or all of the primary 
or exciting turns are included in 
the coil C, the total length of the 
conductor from the ground plate E 
to the elevated terminal should be 
equal to one-quarter of the wave- 
length of the electrical disturbance 

in the system E C D, or else equal ^ 

to that length multiplied by an odd 
number. This relation being ob- 
served, the terminal D will be made 
to coincide with the points of maxi- 
mum pressure in the secondary or 
excited circuit, and the greatest 
flow of electricity will take place in 
the same. In order to magnify the 
electrical movement in the secon- 
dary as much as possible, it is 
essential that its inductive con- 
nection with the primary A should fig. 126. 
not be very intimate, as in ordi- 
nary transformers, but loose, so as to permit free oscillation. 
That is to say, their mutual induction should be small. 
The spiral form of coil c secures this advantage, while the 

R 
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turns near the primary A are subjected to a strong inductive 
action and develop a high initial electromotive force. 

" These adjustments and relations being carefully com- 
pleted, and other constructive features indicated rigorously 
observed, the electrical movement produced in the secondary 
system by the inductive action of the primary A will be 
enormously magnified, the increase being directly propor- 
tionate to the inductance and frequency, and inversely to 
the resistance of the secondary system. I have found it 
practicable to produce in this manner an electrical move- 
ment thousands of times greater than the initial, that is 
the one impressed upon the secondary by the primary A, 
and I have thus reached activities or rates of flow of 
electrical energy in the system E C D, measured by many 
tens of thousands of horse-power. Such immense move- 
ments of electricity give rise to a variety of novel and striking 
phenomena, among which are those already described. 
The powerful electrical 'oscillations in the system E C D 
being communicated to the ground, cause corresponding 
vibrations to be propagated to distant parts of the globe, 
whence they are reflected, and by interference with the 
outgoing vibrations, produce stationary waves, the crests 
and hollows of which lie in parallel circles, relatively to 
which the ground plate E may be considered to be the pole. 
Stated otherwise, the terrestrial conductor is thrown into 
resonance with the oscillations impressed upon it just like 
a wire. More than this, a number of facts ascertained by 
me clearly show that the movement of electricity through 
it follows certain laws with nearly mathematical rigour. For 
the present it will be sufficient to state that the earth 
behaves like a perfectly smooth or polished conductor of 
inappreciable resistance, with capacity and self-induction 
uniformly distributed along the axis of symmetry of wave 
propagation and transmitting slow electrical oscillations 
without sensible distortion and attenuation. Besides the 
above, three requirements seem to be essential to the 
establishment of the resonating condition. 

" I. The earth's diameter passing through the pole [/>., 
station] should be an odd multiple of the quarter wave- 
length, that is, of the ratio between the velocity of light and 
four times the frequency of the currents. 

" 2. It is necessary to employ oscillations, in which the 
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rate of radiation of energy into space in the form of Hertzian 
or electro-magnetic waves is very small. To give an idea 
I would say, that the frequency should be smaller than 
twenty thousand per second, though shorter waves might 
be practicable. The lowest frequency would appear to be 
six per second, in which case there will be but one node, 
at or near the ground plate, and, paradoxical as it may 
seem, the effect will increase with the distance, and will be 
greatest in a region diametrically opposite the transmitter. 
With oscillations still slower the earth, strictly speaking, 
will not resonate, but simply act as a capacity, and the 
variation of potential will be more or less uniform over its 
entire surface. 

"3. The most essential requirement is, however, that 
irrespective of frequency, the wave or wave train should 
continue for a certain interval of time, which I have esti- 
mated to be not less than one-twelfth — or probably 0.08484 
— of a second, and which is taken in passing to and return- 
ing from the region diametrically opposite the pole, over 
the earth's surface, with a mean velocity of about 471,240 
kilometres per second. 

" The presence of the stationary waves may be detected 
in many ways. For instance, a circuit may be connected 
directly, or inductively, to the ground and to an elevated 
terminal, and tuned to respond more effectively to the 
oscillations. Another way is to connect a tuned circuit to 
the ground and to two points lying more or less in a 
meridian passing through the pole E, or generally stated, 
to any two points of a different potential. 

"In Fig. 127 I have shown a device for detecting the 
presence of the waves, such as I have used in a novel 
method of magnifying feeble effects, which I have described 
in my United States Patents, Nos. 685,953 and 685,955, and 
my British Patent, No. 11,293 of 1901. It consists of a 
cylinder C^ of insulating material which is moved at a 
uniform rate of speed, by clockwork or other suitable motive 
power, and is provided with two metal rings B, B^, upon 
which bear brushes A and A^, connected respectively, to 
the terminal plates P and P^ From the rings B and B^ 
extend narrow metallic segments s and S^, which, by the 
rotation of the cylinder C^ are brought alternately into 
contact with double brushes B and B^, carried by, and in 
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contact with, conducting holders H and n^, supported in 
metaUic bearings D and D^, as shown. The latter are con- 
nected to the terminals T and T^ of a condenser c, and it 
should be understood that they are capable of angular 
displacement, as ordinary brush supports. The object of 
using two brushes, as B and B^, in each of the holders H and 
H^ is to vary at will the duration of the electric contact of 
the plates P and P^, with the terminals T and T\ to which 
is connected a receiving circuit including a receiver R, 
and a device performing the duty of closing the re- 
ceiving circuit at predetermined intervals of time, and 
discharging the stored energy through the receiver. In 
the present case this device consists of a cylinder D made 
partly of conducting and partly of insulating material E and 





Fig. 127. 

eS respectively, which is rotated at the desired rate of speed 
by any suitable means. The conducting part E is in good 
electrical connection with the shaft S, and is provided with 
tapering segments F, F, F, upon which slide a brush K sup- 
ported on a conducting rod L, capable of longitudinal ad- 
justment in a metallic support M. Another brush N is 
arranged to bear upon the shaft S, and it will be seen that 
whenever one of the segments F comes in contact with the 
brush K, the circuit including the receiver R is completed, 
and the condenser discharged through the same. By an 
adjustment of the speed of rotation to the cylinder D, and 
a displacement of the brush K along the cylinder the circuit 
may be made to open and close in as rapid succession, and 
remain open or closed during such intervals of time, as 
may be desired. 
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"The plates P and P\ through which the electrical 
energy is conveyed to the brushes A and A^, may be at a 
considerable distance from each other in the ground, or 
one in the ground and the other in the air, preferably at 
some height. If but one plate is connected to the earth 
and the other maintained at an elevation, the location of 
the apparatus must be determined with reference to the 
position of the stationary waves established by the gene- 
rator, the effect evidently being greatest in a maximum, and 
zero in a nodal region. On the other hand, if both plates 
be connected to earth, the points of connection must be 
selected with reference to the difference of potential, which 
it is desired to secure, the strongest effect being, of course, 
obtained when the plates are at a distance equal to half the 
wave-length. 

'' In illustration of the operation of the system, let it be 
assumed that alternating electrical impulses from the gene- 
rator are caused to produce stationary waves in the earth, 
as above described, and that the receiving apparatus is 
properly located with reference to the position of the nodal 
and ventral regions of the waves. The speed of rotation 
of the cylinder C^ is varied until it is made to turn in syn- 
chronism with the alternate impulses of the generator, and 
the position of the brushes B and B^ is adjusted by angular 
displacement, or otherwise, so that they are in contact with 
the segments s and S^ during the periods when the im- 
pulses are at, or near, the maximum of their intensity. 
These requirements being fulfilled, electrical charges of the 
same sign will be conveyed to each of the terminals of the 
condenser, and with each fresh impulse it will be charged 
to a higher potential. The speed of rotation of the 
cylinder D being adjustable at will, the energy of any 
number of separate impulses may thus be accumulated in 
potential form and discharged through the receiver R upon 
the brush K coming into contact with one of the segments 
F. It will be understood that the capacity of the condenser 
should be such as to allow the storing of a much greater 
amount of energy than is required for the ordinary opera- 
tion of the receiver. Since by this amount a relatively great 
amount of energy, and in suitable form, may be made 
available for the operation of a receiver, the latter need 
not be very sensitive. But, when the impulses are very 
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weak, or when it is desired to operate a receiver very 
rapidly, any of the well-known sensitive devices, capable of 
responding to very feeble influences, may be used by the 
manner indicated or in other ways. 

" Under the conditions described it is evident that during 
the continuance of the stationary waves, the receiver will 
be acted upon by current impulses more or less intense, 
according to its location with reference to the maxima and 
minima of said waves, but upon interrupting or reducing 
the flow of the current the stationary waves will disappear 
or diminish in intensity. Hence a great variety of effects 
may be produced in a receiver according to the mode in 
which the waves are controlled. It is practicable, however, 
to shift the nodal and ventral regions of the waves at will 
from the sending station, as by varying the length of the 
waves under observance of the above requirements. In 
this manner the regions of maximum and minimum effect 
may be made to coincide with any receiving station or 
stations. By impressing upon the earth two or more 
oscillations of different wave-length a resultant " stationary " 
wave may be made to travel slowly over the globe, and 
thus a great variety of useful effects may be produced. 
Evidently, the course of a vessel may be easily determined 
without the use of a compass, as by a circuit connected to 
the earth at two points, for the effect exerted upon the 
circuit will be greatest when the plates P, P^ are lying on 
a meridian passing through ground plate E, and will be 
//// when the plates are located at a parallel circle. If the 
nodal and ventral regions are maintained in fixed positions 
the speed of a vessel carrying a receiving apparatus may 
be exactly computed from observations of the maxima and 
minima regions successively traversed. This will be under- 
stood when it is stated, that the projections of all the nodes 
and loops on the earth's diameter passing through the 
pole, or axis of symmetry of the wave-movement, are all 
equal. Hence in any region at the surface the wave-length 
can be ascertained from simple rules of geometry. Con- 
versely, knowing the wave-length, the distance from the 
source can be readily calculated. In like ways the distance 
of one point from another, the latitude and longitude, &c., 
may be determined from the observation of such stationary 
waves. If several such generators of stationary waves — 
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preferably of different lengths — were installed in judici- 
ously selected localities, the entire globe could be sub- 
divided in definite zones of electric activity, and such and 
other important data could be at 
once obtained by simple calculation 
or readings from suitably graduated 
instruments. 

" The specific plan of producing 
the stationary waves, herein de- 
scribed, might be departed from. 
For example, the circuit which im- 
presses the powerful oscillations 
upon the earth might be connected 
to the latter at two points. 

"In collecting the energy of 
these disturbances in any terrestrial 
region at a distance from their 
source, for any purpose, and, more 
especially, in appreciable amounts, 
the most economical results will 
be generally secured by the em- 
ployment of my synchronised 
receiving transformer. This in- 
vention, forming part of my system 
of transmission of energ>' through 
the natural media, has been fully 
explained in the patents first cited 
here, but for the better understand- 
ing of the present description it is 
diagrammatically illustrated in Fig. 
128. Its most essential part is a 
circuit E^ c^ d\ which is connected, 
arranged, and adjusted similarly to 
the transmitting circuit E C D and 
which is inductively linked with a 
secondary circuit A^ The latter, 
it scarcely need be stated, may be ^ 

wound with any desired number of fig. 128. 

turns, such as will be best suited for 

the operation of the device designated by M. The receiving 
transformer is closely attuned to the oscillations of the 
transmitting circuit, so that, irrespective of the length 
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of the conductor E^ C^ A^, the points of maximum 
potential coincide with the elevated terminal D^ under 
which conditions the greatest amount of wave energy may 
be collected and rendered available in the secondary circuit 
A^ for useful purposes. 

"To complete this description, it may be stated that 
when it is desired to operate, independently, a great many 
receiving devices, by such stationary waves of different 
lengths, the principles which I have set forth in my British 
Patent, 14,579 (1901), and in my United States Patents, 
Nos. 723,188 and 725,605 (1903), may be resorted to for 
rendering the signals or quantities of energy intended for 
any particular receiver or receivers non-interfering and 
non-interferable. 

" In the above, I have briefly outlined my discovery and 
indicated only a few uses of the same, but it will be 
readily seen, that it is of transcending importance for the 
advancement of many arts and industries, new and old, and 
capable of innumerable valuable applications, 

" Having now particularly described and ascertained the 
nature of this invention and in what manner the same is to 
be performed, as communicated to me by my foreign corre- 
spondent, I declare that what I claim is : — 

" I. The improvement in the art of transmitting electrical 
energy to a distance which consists in establishing station- 
ary electrical waves in the earth, as set forth. 

" 2. A system in accordance with Claim i which consists 
in producing in the natural conducting media, stationary 
electrical waves of predetermined length and operating 
thereby one or more receiving devices remote from the 
source of energy and properly located with respect to the 
position of such waves as herein set forth. 

" 3. The improvement in the art of transmitting electrical 
energy, which consists in producing in the earth stationary 
electrical waves of different lengths, varying their lengths, 
and causing thereby a resultant wave or effect to travel 
with the desired velocity over the earth, as above described. 

" 4. The method of producing effects at a distance, which 
consists in impressing upon the terrestrial globe stationary 
electrical waves, varying their characteristics and relations, 
and causing thereby corresponding effects in distant re- 
ceivers, as above described. 
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" 5. The improvement in the art of transmitting and 
distributing electrical energy, which consists in producing 
in the terrestrial globe intersecting trains of stationary 
electrical waves, establishing thereby regions of definite 
electrical activities, and collecting the energy, as above 
set forth. 

** 6. The method of producing electrical effects increas- 
ing with the distance, which consists in impressing upon the 
earth electrical oscillations of a frequency of about six per 
second, and of such character as to give rise to a stationary 
electrical wave, as set forth. 

" 7. The method of producing great electrical movements 
in the terrestrial globe, which consists in rendering it 
resonant by impressing upon it electrical waves of definite 
length and duration, as above specified. 

" 8. In the system as hereinbefore described for the trans- 
mission of electrical energy, generating apparatus adapted 
for producing a resonant condition in the terrestrial globe, 
as above specified. 

"9. In the system as hereinbefore described for the trans- 
mission of electrical energy, a transformer adapted for the 
production of great electrical movements in the terrestrial 
globe, as above specified. 

"10. In the system as hereinbefore described for the 
transmission of electrical energy, a source of primary elec- 
trical oscillations such as a condenser circuit and a secondary 
circuit inductively linked with the same and adapted for 
throwing the terrestrial globe into resonance, as above 
specified." 

If Mr Tesla's statement that the fundamental electrical 
vibration of the earth has a frequency of six per second is 
founded directly on experimental evidence, and not merely 
on theoretical considerations, it is a proof that the earth is 
surrounded by a conducting shell, for if this were not so 
its lowest frequency of vibration would be seventeen per 
second, as mentioned by Professor Fitzgerald. 

We can also make an estimate of the height at which 
the conductive layer commences, for calculation shows that 
since a height of 60 miles corresponds to a frequency of 10 
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per second, and a height of 6 miles to 3 per second, a 
frequency of 6 requires a height of about 35 miles, which is 
the same as that found from physical data in Chapter XVII. 

Thus we should have an entirely independent proof of 
the existence of a conducting layer in the atmosphere, and 
of the fact that the dielectric, with which we have to deal in 
wireless telegraphy, is a layer of air about 35 miles thick 
between two concentric spherical conductors. 

Professor Fessenden has noticed in working between 
America and Scotland that there are apparently two im- 
pulses received for every spark, and has suggested that 
the second may come the longer way round the earth. The 
interval between them is approximately a fifth of a second, 
which would indicate the height of the upper conducting 
layer to be about 30 miles. 
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CHAPTER XIX. 

ADJUSTMENTS, ELECTRICAL MEASUREMENTS, 
AND FAULT TESTING. 

Continuity of Conductors. — If the conductor is a closed 
or nearly closed circuit, its continuity may easily be proved 
by means of a cell and galvanometer of any type, or an 
electric bell ; but if it be an open circuit such as an aerial 
wire, in which the conductor terminates in an insulating 
medium, other methods are more convenient. Aerial and 
earth wires are frequently covered with insulating material, 
a break in the conductor may therefore exist which is not 
visible on'^ccount of the insulation. If the broken ends of 
the conductor be only a small distance, say 2 or 3 mm. 
apart, there will be no difficulty in transmitting^ signals, but 
it will be impossible to receive any. If, therefore, you find 
that though your transmitting gear and receiver appear all 
right, you can get no answer from the other station, do not 
conclude that it is necessarily " his " fault, it may be your 
aerial. 

A simple test, in such a case, is to hold the buzzer (an 
electric bell with the gong off, being a producer of electric 
jigs) near the aerial, and move it slowly along the aerial 
away from the receiver to which the aerial is kept connected. 
The receiver will respond to the buzzer as far as the aerial 
is continuous. It is most likely that, if a break does 
occur, it will be at a place where the wire is subject to 
repeated bending and unbending by the wind or other 
cause. 

Insulation. — The first thing to note in wireless tele- 
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graphy is, the insulation does not insulate per se. That is 
to say, that a piece of insulating material, whose resist- 
ance to continuous currents may be millions of megohms, 
may be perfectly capable of transmitting the whole aerial 
wire current of a wireless station. It all depends on the 
shape. 

If the insulator is a comparatively thin sheet between 
conducting plates the high frequency currents will pass 
through it, as a dielectric current, with as little loss as if it 
were a thick conductor. Thus what is usually known as a 
" condenser " may form part of any circuit which is intended 
to conduct high frequency currents only. Even a condenser 
of very small capacity such as may be made by twisting 
two short pieces of insulated wire together is not negligible 
and may transmit an appreciable current. I may mention 
two important cases. The first is, geometrically, on a large 
scale, and the second on a small one, their electrical dimen- 
sions are, however, not so very different. If a large sheet 
of conducting material, say wire gauze, or a metal cylinder 
a few feet in length and a foot or so in diameter, be sus- 
pended on insulators a foot or two above the ground, the 
condenser formed is capable of transmitting large currents, 
such as are used in transmission, if the frequency be high. 

The second case illustrates what may occur in the 
receiving circuit of a station. If two insulated wires lie, 
or are wound side by side throughout a few inches, or feet, 
of their length, sufficient current may pass between them to 
actuate the receiver. Not, of course, a leakage conduction 
current but a dielectric displacement. In many problems 
in wireless telegraphy this has to be taken into account, but 
more particularly in the design of receiving transformers. 
It is easy to show that for instance an ordinary anti- 
inductive resistance need not act as a continuous conductor 
at all, and may conduct the current as well if the bight of 
the wire be cut as when the wire is continuous. 

Insulation in wireless telegraphy means, then, not only 
high ohmic resistance but extremely small capacity be- 
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tween the insulated wire and the surrounding conductors, 
whatever they may be. 

In ordinary language insulators must be very thick, ue,, 
the distance between the conductors which are separated 
by the insulator must be large as compared with their areas. 

Surface Leakage. — It is also important that any path 
from one conductor to the other over the surface of the in- 
sulator should be long, if high voltages are used, for other- 
wise sparks may travel along the surface and constitute a 
leak, even though the insulator is not pierced. In this con- 
nection it should be noticed that it is of little benefit to use 
a hooded insulator if the hood is merely screwed on, an un- 
covered rod of the same size as the centre piece would be 
quite as efficient. The spark travels up the film of air on 
the screwed part of the rod and thus through the hood 
without difficulty. Much useful information on this subject 
is contained in Mr Martin's book on Tesla's researches. 

From what has been said it will be seen that ordinary 
insulation tests are useless, the only practical method being 
to subject the insulator to the working jig-current under 
the most disadvantageous circumstances as regards damp 
and dirt that are likely to occur in actual working. 

It is often useful to wash outside insulators with fresh 
water to remove incrustations of salt, sand, and other 
materials which tend to reduce the insulating power of the 
surface. 

Insulation of Transformers and Induction Coils. — 

As in the case of outside insulators, the breakdown of an 
induction coil or high tension transformer is usually of^ the 
disruptive kind. A hole is pierced through the insulation and 
a spark passes intermittently, whenever the potential rises 
high enough. By earthing alternately the ends of the secon- 
dary the position of the fault may often be roughly deter- 
mined, as the longest spark will be obtained when the faulty 
end is connected to earth. As a rule the secondary must 
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be taken to pieces and the leak discovered by examination. 
A temporary repair may sometimes be effected if necessary 
with paraffin wax (candles) and paper. Leaks of this kind 
are often due to a flaw in the ebonite or other insulating 
material, such as an air bubble or a particle of metal. It is 
therefore best to use oil, from which the air has been ex- 
tracted, as an insulator, merely trusting to the solid insulator 
to keep the conductors at their proper distance apart. The 
breakdown may be largely due to heating owing to dielectric 
hysteresis, and this is much greater in solids than liquids. 
In addition, the liquid, even if pierced by a spark, is self- 
sealing, thus no precaution need be taken beyond slightly 
reducing the working voltage. 

Receivers. — The testing of a receiver consists in (i) 
making sure that all its parts and connections are made as 
intended ; and (2) in adjusting it on the aerial by the actual 
reception of signals from the sending station. 

In tuned stations, i.e.^ where the reception of signals 
depends on the receiving circuits having a definite natural 
frequency of vibration, it is usually necessary to adjust the 
aerial circuit to the proper frequency as a transmitter before 
inserting the receiver (see below). 

So many detectors are now in use that it is impossible 
to go into the adjustments of them all, and indeed nothing 
but practical work can give a workmanlike knowledge of 
such a subject. I may mention, however, that it is fre- 
quently the subsidiary parts, such as relays or inkers which 
give the most trouble, the distinctively wireless instruments, 
even the coherer, are usually more uniform in their action. 
This is, no doubt, one reason why detectors which work in 
conjunction with only a telephone receiver are now in so 
general use. In these receivers there is only the detector 
itself to adjust, and in many cases this is an exceedingly 
simple and practically permanent adjustment 

The testing of filings coherers has been gone into in 
Chapter IV. ; no similar data appear to have been pub- 
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lished, if, indeed, experiments have been made, in regard to 
any other form of detector. 

Transmitters. — In most stations nowadays the most 
important adjustment is the equalisation of the frequencies 
of the aerial and condenser circuits, so that revibration may 
be obtained. This is usually done by putting a measuring 
instrument, say a thermo-ammeter between the aerial and 
earth, and then varying the inductance or capacity until a 
maximum current is obtained. The instrument may then 
be removed, if desired, and an equivalent conductor inserted 
in its place. The action of one circuit on another of the 
same natural frequency produces, however, not one simple 
jig, but two of different frequencies and damping. The ad- 
justment of frequencies, then, involves the finding of the 
greatest maximum current in the transmitting aerial, and the 
greatest maximum in the detector circuit It should be 
remembered we are in general dealing with only three 
entirely distinct conducting circuits, the condenser circuit 
of the transmitter, the continuous or nearly continuous con- 
ductor formed by the aerials and the earth and the detector 
circuit Each of these circuits is broken as to continuous 
currents in one or more places (condensers), but each is 
complete as regards jigs, and is coupled to its neighbour 
electro-magnetically. The term circuit can, of course, be 
only applied in wireless telegraphy in its widest sense as 
implying a system of conductors along which a current 
impulse can pass directly. An inductive coupling is in- 
direct as regards current, there being a transformation of 
the current energy in any desired proportion across space 
at right angles to the current ; whereas if a condenser be 
interposed, the entire current goes straight through it We 
therefore do not include conductors coupled inductively as 
part of the same circuit, but we do consider that a condenser 
connects two conductors. 

The first person to use a hot-wire ammeter for the 
purpose of determining the point of maximum revibration 
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appears to have been Captain Wildman of the U.S.A. 
Army Signal Corps. A convenient form of instrument is 
Duddeirs thermo-ammeter, which is well suited for finding 
the maximum in the transmitter, while his thermo-galvano- 
meter, a much more sensitive instrument, will determine the 
point of resonance of the receiving aerial to the transmitted 
jigs. There are, of course, many other suitable thermo- 
ammeters, but instruments as sensitive to jigs as the thermo- 
galvanometer are certainly not common (see Chapter VI.). 

Beyond the tuning there is not much adjustment required 
in the transmitter. The spark length may have to be varied 
occasionally, and any moving parts of the apparatus seen 
to. If an induction coil be used the break will require 
some attention. 

In the Lodge-Muirhead system the actual frequency of 
one of the circuits is determined by a wavemeter, and the 
other circuits are adjusted to the same frequency. Similar 
arrangements are used by other companies. 

Interrupters. — The efficiency of an interrupter depends 
on the rapidity with which it breaks the circuit, on the 
maximum induction produced in core, and on its regularity 
in action. The rapidity with which the primary current is 
quelled determines the rapidity of the change of induction 
in the core, and hence the voltage attained by the secondary 
current. It is usual to shunt the spark, in the primary 
circuit, by a condenser, thus allowing the current to become 
oscillatory, and therefore to reach a zero value long before 
it would have otherwise done so. 

Lord Rayleigh has shown that the condenser is not 
absolutely necessary to efficient working, if only a suffi- 
ciently rapid extinction of the primary current can be 
otherwise ensured. His plan, though perfectly satisfactory 
as a demonstration, was not exactly applicable to wireless 
telegraphy ; in fact, he fired a rifle bullet at the primary 
wire. A wide gap was cut in the wire, and in an extremely 
small fraction of a second the current was stopped. The 
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velocity of the bullet was probably about 2,000 feet per 
second — a velocity not attainable by ordinary mechanical 
arrangements, and therefore impracticable on induction 
coils. The experiment, however, proved that the rapid stop- 
page of the current was the essential factor in the produc- 
tion of a large secondary voltage. The best interrupter is 
therefore that which produces the largest and most rapid 
change of induction in the core, and which repeats the 
operation with the greatest regularity. 

The adjustments should thus be aimed to keep these 
facts in view. The contact must be of long enough duration 
to allow the core to become magnetically saturated, or 
nearly so, and the break must be quick and regular. The 
wireless telegraphist does not require a shower of long 
thin threadlike sparks, but a regular succession of short 
fat ones, which must crackle sharply and not fizz or 
flare. 

Capacity. — Capacities in wireless telegraphy are usually 
very small as compared with what have hitherto been con- 
sidered important. They also, as a rule, have to be reckoned 
for high frequencies which give different results from con- 
stant voltages, and as the stress in the dielectric is not steady 
but var>ang rapidly, the dielectric hysteresis of the insulator 
is not a negligible factor. That is to say, that the stress in 
the dielectric is not perfectly reversible ; some of the energy 
is wasted and cannot be got back. The effect is like 
magnetic hysteresis, or like the imperfect elasticity of a 
solid, which on being bent or compressed does not return 
to its original shape entirely of its own accord. In all 
three cases the energy apparently lost is transformed into 
heat. The quantity of heat produced in each bending and 
unbending, or each to and fro of potential in the dielectric, 
is small, but if the oscillations occur many hundred thousand 
times in a second there is no time for the heat to radiate, 
andlhe dielectric may become so hot that it loses its insu- 
lating properties and is pierced by a spark discharge. Even 

S 
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much less rapid oscillations, if continued long enough, will 
break down a thick plate of glass. 

The first occasion, as far as I am aware, on which 
experiments were made with a current of very high voltage, 
and also considerable horse-power, was at the Crystal Palace 
Electrical Exhibition in 1892. In Messrs Siemens' experi- 
ments an alternating current from an alternator, driven by 
a 25 H.P. engine, was transformed up to 50,000 volts. 
Terminals were placed at the middle points of opposite 
sides of a thick piece of plate glass over a foot square. 
When the current was turned on, the plate was lit up by 
a magnificent display of seaweed-like splashes of sparks 
running from each terminal over the central parts of the 
plate. In a very short time, however, the display ceased, 
and a small white spark was visible passing right through 
the plate between the terminals. On examination, after 
the current had been turned off, it was seen that a small 
hole had actually been melted through the glass. There 
was no crack, but a slight burring up of the glass round 
the hole, which itself was like the bore of a fine capillary 
tube. This showed that it was not mere mechanical strain 
which had caused the perforation, but that the glass had 
actually been heated by the continued alternating stresses 
until it had melted. Glass when heated rapidly loses its 
dielectric strength, hence after the central portion of the 
plate had become warm the current would rapidly concen- 
trate itself and increase the heating until a puncture took 
place. ' 

It is obvious that dielectric hysteresis such as this would 
cause serious loss of energy in a powerful wireless station, 
where the transmitting apparatus greatly resembles that 
used in the experiments quoted, the chief difference being 
in the frequency of the jigs in the condensers, those in the 
wireless apparatus being, of course, of much the higher 
frequency. It has therefore been found advantageous in 
many cases to employ a dielectric such as air or oil, in which 
the hysteresis is practically inappreciable. Air under a 
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pressure of 70 or 80 lbs. per sq. inch will withstand much 
higher potentials than at atmospheric pressure, and has for 
some years been used to increase the insu lation, and there- 
fore the available output of electrostatic machines. More 
recently it has been utilised by Fessenden and others to de- 
crease the sparking distance for a given voltage in wireless 
stations, and Fleming and others have proposed its adoption 
as a suitable dielectric for condensers. It seems possible 
that where initial expense is not of the first importance, 
compressed air may take the place of other dielectrics in 
condensers through which a large dielectric current of high 
frequency has to be passed. Otherwise oil, particularly 
resin oil, carefully freed from air bubbles, is probably the 
best available insulator. 

Mr Tesla, whose enormous experience in the use of 
high frequency currents gives great weight to his advice, 
says that in using a condenser in connection with a high 
frequency coil, " It should be an oil condenser by all means, 
as in using an air condenser considerable energy might be 
wasted." (It should be noted, however, that he means air 
at atmospheric pressure.) He remarks also that he gene- 
rally uses linseed or paraffin oil, as there is apparently little 
difference, and insists very strongly on the benefit of ex- 
cluding all gaseous matter on account of the heating 
produced by molecular bombardment when high voltage 
and frequency are used. 

In spite of these advantages of oil, glass condensers, of 
the I^yden jar type, are in very general use in wireless 
telegraphy ; their lightness and portability being much in 
their favour. Rather thin glass is used as a rule, as it is 
found to be more reliable, and when high voltages are 
required, a couple or more of the jars may be put in series, 
thus reducing the voltage on each. 

For condensers in the receiving circuit no such pre- 
cautions against high voltages are necessary, and a thin 
layer of waxed paper or any similar dielectric may be used. 

It must be remembered that the currents in the trans- 
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mitter condensers sometimes attain very large values, 
occasionally hundreds of amperes ; for this reason it is 
advantageous to use plates whose conductance is somewhat 
better than that of the old-fashioned tinfoil sheets ; thin 
copperfoil serves the purpose well, and though it is rather 
more expensive and less easily worked into shape, the 
terminal connections are much more satisfactory and less 
liable to go out of order. 

Fault-Testing— Condensers. — As in other insulation 
tests mere megohms are not sufficient An indefinite 
number of these might be found lying in a condenser with 
a punctured dielectric, perfectly useless for wireless pur- 
poses, if only a low-testing voltage (say 1,000 volts) were 
applied. It is essential to use at least the working voltage 
and frequency, and then to observe results. If there is a 
spark-gap in the testing circuit, the character of the spark 
or its absence will indicate whether the condenser is per- 
forming its function properly. Probably the best test 
would be to put the doubtful condenser in parallel with an 
adjustable spark-gap, and then increase the latter from 
nearly zero, /.^., spheres nearly in contact, up to the required 
spark length. The voltages corresponding to a large range 
of spark lengths will be found in Tables X. and XI. 
It should be remembered that in revibrating circuits the 
voltages are occasionally really very high, even for wireless 
telegraphy. For instance, Professor Fleming speaks of 
sparks occurring at the top of an aerial, of a length which 
indicated a potential of seven million volts, when the aerial 
was excited by a closed jig circuit of equal frequency. 

Condensers — Measurement of Electrical Dimen- 
sions. — There are many well-known methods of finding the 
capacity of a condenser when a steady voltage is applied. 
For instance, Lord Kelvin's method of mixtures. Descrip- 
tions and formulae for such tests may be found in pocket- 
books of electrical rules and tables, such as Munro and 
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Jamieson's, and in most text- books. Low frequency 
measurements do not, however, give accurately the high 
frequency capacity, hence it is necessary to employ high 
frequency currents when measuring capacities used in 
wireless telegraphy. 

Professor Rutherford, in 1896, made a number of deter- 
minations of the dielectric constant of various materials at 
high frequencies, using his magnetic detector as a current 
measurer. The results showed very considerable variations 
from ordinary steady voltage measurements. His method 
is of course applicable to the determination of the capacity 
of condensers. 

Other methods, which are perhaps more suitable for the 
measurement of very small capacities, are based on the 
principle of Lodge's resonating Leyden jar circuits (see page 
10). If thie two circuits be tuned to one another, it is 
obvious that the equality of two capacities may be proved 
by putting first one and then the other in one of the circuits. 
If nothing else has been changed, the capacities must 
be equal if they give equally good resonance sparks. 
Thus any number of equal condensers might be obtained 
by the various combinations of which, in parallel and 
series, a standard of any desired value might be built 
up and used for the measurement of any unknown capacity. 
It is also clear that if the inductance and capacity 
of the primary circuit and the inductance of the secondary 
were known, and could be given definite values at pleasure, 
it would be possible to measure directly any capacity 
within the range of the instrument Several instruments 
on this principle have been constructed, a convenient 
form being that designed by Professor Fleming, which, 
though it is mainly intended for the determination of 
jig frequencies, is suitable for the measurement of capacities 
such as are common in our branch of telegraphy. The 
instrument has been named a cymometer. We shall 
describe its use in considering the measurement of wave- 
lengths. The law which connects the capacity and induct- 
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ance of a condenser circuit with its natural frequency of 
vibration is a simple one, at least to a first approximation, 
which is good enough for most purposes. If « be the 
frequency, or number of complete periods per second, while 
C is the capacity and L the inductance, in C.G.S. units, the 

equation n^- p. ^ holds good. Thus if any two of 

these quantities be known, the third is easily calculable. 
We shall return to this later. 

Remarks on the Adjustment of Transmitters by 
Messrs Duddell and Taylor. — By kind permission of the 
authors I quote the following from their paper read in 1905 
to the Institution of Electrical Engineers: — 

" To carry out successfully measurements of the strength 
of oscillations set up in a receiver antenna under the various 
conditions set out in this paper, necessitates very great 
care in the working of the transmitter to avoid irregularities 
of action. In spite of all precautions some variations were 
unavoidable, but they were not of such a nature as would 
invalidate results obtained if other conditions remained 
constant. To produce the most regular and uniform 
strengths of oscillations in the transmitter wire it was 
necessary to give attention to the following points : — 

"I. To use an interrupter which is capable of uniform 
and consistent operation. 

" 2. To use a definite adjustment of the spark or dis- 
charge gap in relation to the power applied. This gap 
must not be too short, or erratic multiple sparking is ob- 
tained ; nor must it be too long, or frequent " misfires," or 
spark failures then result. 

" 3. To use sparking knobs of a size suited to the 
capacity and length of spark adopted. 

** 4. To keep the insulation of all parts of the high tension 
system as nearly perfect as possible, and minimise all brush 
discharges. 

** 5. To use Leyden jars with good metallic coatings 
The nitrous fumes developed during use cause rapid deteri- 
oration of unprotected tinfoil coatings. The jars used were 
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completely varnished over the inside coatings with shellac 
varnish, except where connections were made. 

"6. To keep the height and relative positions of the 
antenna wires, earth leads, and earth netting, constant. 

" The most difficult points to negotiate were those con- 
nected with the adjustment of the spark-gap, as, having 
taken all precautions, sparks would occasionally misfire, or 
vary in intensity. Owing, however, to the method adopted 
in observing and recording the reflections obtained on the 
receiving instrument, occasional * misfires' did not neces- 
sarily affect the readings, because for each reading a con- 
tinuous series of sparks, lasting half a minute, was used, and 
any erratic momentary deviations in the deflections were 
not considered in recording the mean deflection, the steady 
value only being taken into account. Apart from this effect 
mysterious changes in the spark were often observed. 
When the transmitter oscillations, as indicated on the 
thermal ammeter, were below par, it would often be possible 
to resuscitate the sparks by slightly moistening the discharge 
knobs. It was also found that for relatively large capacities, 
such as that used for wave No. 3, it was impossible to get 
uniform results with i-inch diameter brass knobs on the 
discharger, when using a short gap. If, however, the i-inch 
knobs were replaced by ^-inch brass rods with rounded 
ends, a much more uniform effect was obtained for short 
sparks of, say, i to J inch, but for longer sparks the knobs 
were preferable. On the other hand, with the smaller 
capacities used, the knobs were found suitable under all 
conditions of spark lengths adopted in the experiments, 
whilst the rods gave poor results. 

" As regards the form of interrupter, the most consistent 
results were undoubtedly given by the mercury turbine, if 
run at speeds less than about 1,500 revolutions per minute. 
At higher speeds there is a tendency to chum up the 
alcohol and mercury, forming a mercury emulsion, which 
seriously interferes with the action of the interrupter. It is 
also very important to keep the resistance of the primary 
circuit through the spark coil as low as possible, and adjust 
the current strength by regulating the voltage applied rather 
than by inserting resistance. The Grisson interrupter gives 
a much more rapid series of sparks, however, and therefore 
produces a large deflection on the receiver." 
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Relays. — A relay of one kind or another is used in 
many systems of wireless telegraphy ; indeed we might 
include all detectors whether coherers or otherwise under 
the head of relays, for their function is essentially that of 
a relay. However, since it is convenient to deal with them 
separately, we shall limit the term to the older type of 
electro-magnetic relay. At the same time it should not be 
forgotten that all detectors are in reality jig relays, /.^., they 
are actuated by the electric jig and turn on the current of 
a local battery. 

The ordinary telegraphic relay consists of an electro- 
magnet, the windings of which are connected to the line 
from the distant station. As the line current increases 
the magnetisation of the electro-magnet, a ditton, or tongue, 
of soft iron, is pulled over and makes contact with a stop, 
thus completing the circuit of the local battery. It is clear 
that in the adjustment of a relay we have to deal with two 
most difficult experimental problems. Firstly the ditton 
must move sharply over under the influence of a very slight 
change in the magnetic field, and it must return as rapidly 
when the field returns to its normal value. It is therefore 
not possible to gain sensibility by making the controlling 
forces such that the ditton is in nearly unstable equilibrium ; 
for if that were done the return movement would be un- 
certain and slow. The best working conditions with most 
relays appear to be attained when the tongue is held back 
by a somewhat stiff helical spring, and has therefore only 
a very small range of motion altogether. 

If a relay is to act rapidly it is clear that the mass of 
the moving part must be small, and that the controlling 
spring must be a comparatively stiff one. The reason for 
a stiff spring is that otherwise it is very difficult to set the 
contacts very close together, and still avoid disturbance 
from accidental vibration. With a stiff spring the gap may 
be almost microscopic, and yet, since the motion only 
stretches the spring a very little, the sensibility may be 
quite as great as with a weak one and a larger gap, for the 
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controlling force exercised by the spring is just proportional 
to the amount of its extension. Under these circumstances 
the contact is quickly made, and at the same time the action 
of the relay is steady and reliable. 

The other problem in connection with relay adjustment 
is the old one of how to maintain a clean surface. The 
contacts cannot but be surfaces of some sort, usually they 
are interfaces between metal and air. Now a surface is 
thin, very thin (see Euclid*s well-known work on geometry), 
so it does not take much material to alter it. Hence the 
difficulty of obtaining anything like constancy in the action 
of the contacts of a relay. A microscopic speck of dust 
may prevent the circuit being closed, and to remove one 
speck of dust without putting two others in its place is 
not so easily done as might be expected. 

A good relay therefore must be dust-proof, and should 
never be opened in a dusty room. Its contacts may be 
cleaned, if necessary, by placing a small piece of fine card- 
board or smooth paper between the contacts and pressing, 
them together, at the same time turning the paper to and 
fro. The use of condensers and shunts in parallel with 
the gap between the contacts has greatly increased the 
length of time that a contact will keep clean, and thus has 
improved the reliability. 

Besides the more ordinary types of relay, the best of 
which will work with about one ten-thousandth of a watt, 
there are a number of special relays of great sensitiveness 
which have been designed for use on long distance sub- 
marine cables. They are usually of the moving coil type, 
but in general are troublesome to adjust and not by any 
means portable. This year (1906), however, Mr H. W. 
Sullivan has invented a relay which while having extra- 
ordinary sensibility, working, in fact, with about one 
ten-millionth of a watt (one volt through ten megohms), 
is portable and easy to adjust. He has designed the 
instrument specially for wireless telegraph work, more 
particularly to act as a call relay in stations where non- 
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continuous detectors, e,g,, detectors of the electrolytic type, 
are used. It has been tried and proved most successful, 
at more than one long distance station. Mr Sullivan has 
kindly permitted me to reproduce the following descrip- 
tion * of the construction and action of this relay : — 

" With the extension of the distances over which signals 
are sent at sea, necessitating the use of very sensitive 
apparatus with which signals can only be satisfactorily 
received by means of the telephone, a great want has been 
felt for an apparatus which will give a clearly audible call 
signal when working at great distances. In order to meet 
these conditions, Mr H. W. Sullivan has designed a 
specially sensitive call relay for use with electrolytic 
coherers and similar wireless detectors. 

" The instrument consists essentially of a very sensitive 
moving-coil galvanometer, of a form somewhat similar to 
Mr Sullivan's well-known marine galvanometer, to which 
contacts are fitted. A specially strong magnetic field is 
obtained by permanent magnets, and some idea of the 
sensibility may be obtained from the fact that with one dry 
cell working through eight megohms the limit of working 
has not been reached. This is a great improvement on 
most of the relays at present on the market, which as a 
rule will not work satisfactorily with a less current than 
that given by one cell through 250,000 ohms. The success 
of such an instrument as a relay naturally depends on the 
material, design, and method of adjustment of the contacts. 
The material is a special alloy, the outcome of many years 
of experience in this class of work. If both the fixed and 
moving contacts were mounted on rigid arms trouble would 
be experienced in the moving arm rebounding and never 
making more than a momentary contact insufficient to ring 
an ordinary trembler bell. Mr Sullivan gets over that by 
not only mounting the * fixed * contacts on springs, but by 
also making the light moving arm of springy material. 
When the position and strength of the springs is correctly 
adjusted, both yield slightly when the arm strikes the con- 
tact, and this not only diminishes the rebound by softening 



♦ From the Electrician^ by kind consent of the proprietors. 
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the blow, but also prolongs the contact by following up the 
return movement. A very neat adjustment is provided for 
the fixed springs, one screw shifting a slider which alters 
the effective length of the spring, and another swinging the 
carriage on which the spring is mounted. A contact system 
is provided at each side, so that it is immaterial which way 
current is sent through the instrument. Another inter- 
esting detail is the provision of a stop limiting the return 
movement of these springs, so that all possibility of sticking 
is avoided. 

" The moving coil is mounted between top and bottom 
suspensions of phosphor bronze strip, and is fully damped 
electro-magnetically, and balanced for use on board ship. 
As in the case of the Sullivan * speaking' galvanometer 
for submarine cable work, the frame carrying the coil sus- 
pension and relay contacts can be bodily removed by 
sliding out vertically, and as the connections to both the 
line and local circuits are made by stout springs bearing on 
pillars, a new coil can be substituted in a few seconds in 
case of a suspension becoming defective, or a coil otherwise 
damaged. The whole instrument is simple, strong, and not 
liable to be affected by vibration, notwithstanding its high 
degree of sensibility. 

"Although primarily designed as a call relay, the 
apparatus would seem capable of recording signals at slow 
speeds at distances considerably in excess of those already 
accomplished with recorded signals, but experiments in this 
direction have not yet been carried out. In addition to the 
relay contacts the instrument is provided with a mirror, so 
that if desired a visual signal can be made by the move- 
ment of a large rectangular *spot* of light on a wall or 
bulkhead of the ship. The movement of a large spot of 
this kind would be visible to all in the room without close 
watching, and a useful check would be provided in the case 
of an accidental interruption of the local bell circuit. Mr 
Sullivan is a firm believer in the advantages of the * electro- 
lytic coherer ' over other detectors, and is perfecting several 
pieces of apparatus designed to work with this system." 

An interesting type of relay, not as yet used in wireless 
work, is the magnifying relay invented by Taylor and Dear- 
love. It consists of two movable coils mounted on one axis, 
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the lower one being in the field of, and being actuated by 
the line current, and the upper one in a powerful alternating 
field locally produced. The upper coil is connected with 
a rectifier. When no current is flowing in the lower coil 
the upper stands with its plane parallel to the lines of 
magnetic force. When a current turns the lower coil, the 
upper turns with it and therefore allows lines of force to 
pass through it, and as these are alternating, a considerable 
alternating current is generated by induction in it. This 
current is passed through the rectifier and from thence 
through the recording instrument. The instrument is most 
ingenious, and does away with contacts, but is unfortun- 
ately rather complicated. 

Measurement of Frequency and Wave-Length. — 

Since the frequency of oscillation of any circuit or con- 
ductor depends upon its inductance and capacity, it is 
possible by determining these to obtain its value. Various 
instruments are now made in which a variable and gradu- 
ated condenser is combined with an adjustable inductance, 
so that the oscillation frequency of the circuit of the in- 
strument can be obtained from the readings. The instru- 
ment is then placed so that a part of its circuit is in 
proximity to the circuit whose frequency it is desired to 
measure. A jig current is then started in the undeter- 
mined circuit, and the instrument is adjusted until a 
thermo-galvanometer or other indicator on it shows a maxi- 
mum induced current. This occurs when the natural 
frequencies of the circuits are the same, it is therefore only 
necessary to calculate this frequency from the values of 
capacity and inductance shown by the instrument. 

In one type of instrument designed by Professor 
Fleming, the movement of one handle varies the capacity 
and inductance proportionately ; it is therefore possible to 
graduate the instrument, which Professor Fleming has 
named a cymometer, directly in terms of frequency. This 
is a convenience for rapid determinations, but limits, in 
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some respects, the general utility of the instrument ; it is 
well suited, however, for the measurements usually required 
in wireless telegraphy. Fig. 129 shows the instrument 
diagrammatically, and except in regard to the mechanical 
connection of the capacity with the inductance, and the 
neon tube used as an indicator, the diagram would appar- 
ently be also a correct representation of the wavemeters 
used by other companies. 

An instrument of this kind may be used, of course, to 
determine any one of the quantities in the equation 
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Fig. 129.— Fleming's Cymometek. 

A BC, Thick Copper Conductor ; CD, Helix used as Variable Inductance ; EF, Scale ; AG, 
Co'oxial Tubes forming Variable Condenser ; ///, Slider which varies Inductance and 
Capacity Simultaneously ; /, Vacuum Tube to indicate Maximum Resonance. 



^^Tn~Jr\^ provided the other two are known. For 

instance, if the capacity of a condenser has to be found, it 
is only necessary to put it in circuit with a standard induct- 
ance, and then determine the frequency of the circuit so 
formed by means of any wavemeter. An unknown induct- 
ance may likewise be measured by putting it in series 
with a known capacity. This is in fact probably the most 
accurate way of determining either quantity, _as measure- 
ments of capacity taken at steady voltages are not correct 
for jigs, and the inductances used in wireless telegraphy 
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are as a rule so small that measurements by other methods 
are very difficult. 

If a helix be long in proportion to its diameter, its 
induotance may be approximately determined by the 
formula L = /(^^/«)^ ; where L is the inductance, / the length 
of the helix, d its diameter, and n the number of turns per 
unit length. For instance a helix of 5 cm. diameter, 10 
cm. long, and 2 turns per cm., would have an inductance 
L= 10(3.14. 5.2)2 __ iQ i^ocx) = 10,000 C.G.S., or 1,000 per 
cm. of its length, approximately. 

The capacity of a condenser formed of two concentric 
metal cylinders, which is a convenient form in which to 
make a variable standard, is given by the equation 

K = S- -j^ 

where K = capacity in C.G.S. electrostatic units (these may 
be converted to microfarads by dividing by 900,000); 
R and r are the radii of the external and internal cylinders 
respectively in cms. ; S is the specific inductive capacity 
(dielectric constant) of the insulator between the cylinders ; 
/ is the length in cms. of the part of the cylinders which 
overlap — this, in the case of a variable condenser in which 
the variation is produced by drawing one cylinder partially 
out of the other, is subject to a small correction. 

Thus the capacity of two cylinders overlapping one 
another throughout 50 cms. of their length, whose radii are 
2 and 2.2 cms., separated by an ebonite tube (dielectric 
constant=3), with walls .2 cm. thick, is approximately — 



K = 



50.3 _ 150 



2log.(^) 2 X. 0953* 



K = 778 C.G.S. electrostatic units. 

= __77^ C.G.S. electro-magnetic units. 

(3 . ^o^^f 
= 0.00087 microfarad. 
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The frequency of a circuit containing no appreciable 
capacity or inductance beyond those of the above condenser 
and helix would be — 

_ I 

2^ \/.ooo87 X io~i^ X lo'* 




6.28x9.34 
= 1. 71 X lo*'; 

or nearly two millions per second. 

In the Fleming cymometer the frequency and wave- 
length may be read directly from the scale. In wave- 
meters in which the condenser and inductance are not 
simultaneously varied, a short calculation like the above is 
necessary. 

It is clear, then, that the frequency of any circuit may 
be calculated if its capacity and inductance are known, or 
it may be found by resonance with a circuit of known 
capacity and inductance. 

Damping.— The oscillatory current produced by the 
sudden breakdown of the resistance of the spark-gap when 
the spark occurs gradually dies out, partly through the 
conversion of the energy stored in the charge into heat, and 
partly by radiation. By radiation we do not mean, in this 
connection^ only straight line radiation through free 
space, but also the oscillatory currents which spread 
out over the earth's surface. These also are finally 
damped out by the resistance of the earth and the sur- 
rounding air. 

The rate of damping of the jig in a transmitter is, of 
course, a very important factor, and its determination is 
necessary before the efficiency of the installation can be 
known. In this country the damping is usually defined as 
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the ratio of the amplitude of the second half-oscillation to 
the amplitude of the first half-oscillation, e.g.y of the first 
negative to the first positive wave if we b^in with a 
positive. Abroad the number usually expresses the ratio 
of the second positive to the first positive, />., the loss 
by damping is reckoned over the complete oscillation. 
The Napierian (or hyperbolic) logarithm of the reciprocal 
of the damping, />., of the ratio First Amplitude : Second 
Amplitude, is called the logarithmic decrement of the 
motion. 

Several experimental methods are available, of which 
we shall describe one. Professor Rutherford's method of 
determining the coefficient of damping of an electrical 
oscillator is as follows : — 

The oscillatory currents are made to pass round a very 
small helix of fine wire in the axis of which is placed a 
small steel needle or bundle of fine steel wires, which has 
been magnetised to saturation. The deflection of a sus- 
pended magnet or magnetometer caused by the steel needle 
when placed at a given distance is noted. The needle is 
then placed in the helix, and the oscillatory current passed 
through the latter. The change of magnetisation of the 
needle is noted by an observation with the magnetometer 
as before ; call this result (A). 

The needle is then remagnetised to saturation, and after 
a measurement with the magnetometer, is placed in the 
helix in the reverse direction. A spark is passed, and 
another measurement (B) of the change of magnetisation 
made. These changes in magnetisation are proportional 
to the amplitudes of the first and second half waves, hence 
from these observations the damping and logarithmic 
decrement may be calculated. There are, of course, other 
methods, but this is one of the simplest to carry out, and 
appears to give very satisfactory results. 

Lieutenant Tissot,* using a wavemeter with constant 

♦ Soc, InL Elect Bull, 6, July 1906. 



Digitized by VjOOQIC 



ADJUSTMENTS, ELECTRICAL MEASUREMENTS, ETC. 289 

inductance and variable capacity, first determines the fre- 
quency N of the given circuit. Leaving the wavemeter 
equifrequent with the circuit under test he next introduces 
non-inductive resistances (short straight wires from o to 
3 ohms) in its circuit and observes the reading of the 
thermogalvanometer corresponding to each resistance. On 
plotting the resistances as abscissae and the currents as 
ordinates a straight line is obtained, which on being pro- 
duced cuts the axis of X in some point whose abscissa is, 
say, X on the scale chosen. By multiplying x by 1/2 LN, 
where L is the inductance of the wavemeter, the value of 
^l2+^ may be obtained ; 5 being the logarithmic decrement 
of the main circuit and ^ that of the wavemeter. The 
latter is usually small in comparison with the former and 
may generally be neglected ; hence ;r/2LN is approxi- 
mately equal to 5, the decrement required. 
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CHAPTER XX. 

ON THE CALCULATION OF A SYNTONIC 
WIRELESS TELEGRAPH STATION 

This chapter is almost entirely a translation Signor 
Alfredo Montel has very kindly permitted me to make of 
a paper contributed by him to L EUttricista of 1 5th June 
1906, and gives a concise description of the calculations 
involved in the design of a wireless telegraph station. The 
methods and results are, of course, only roughly approximate, 
as exact data and theory are still wanting. The approxi- 
mation, however, gives an excellent idea of the magnitude 
of the quantities involved, and of the proper dimensions of 
the apparatus in any given case. I have added a few short 
explanations where they seemed necessary, but have other- 
wise adhered closely to the original. 

It should be noticed that, contrary to usual English 
custom, the frequency n represents the number of half 
periods per second. To reduce the equations in which it 
occurs to English notation, we should therefore have to 
write 2N in place of «, N being the number of complete 
periods per second. In the numerical examples it is 
simpler to make the calculations as they stand, recollecting 
that we should call the frequency o r>e and a half and not 
three millions per second. 

Without further prologue we commence Signor MonteFs 
paper : — 

"The transmitting station consists essentially (Fig. 130) 
of a closed oscillating circuit, and of an antenna coupled to 
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the same. Ci is the condenser, BB a source of energy {e.g., 
the secondary of a transformer), FF the spark-gap, L^ the 
inductance of the circuit. 

"In syntonic telegraphy large quantities of energy occur, 
hence if C^ is to be of convenient size, while C^I^ does not 
exceed a certain limit (and also to economise energy), it is 
necessary to make L^ small. The ohmic resistance should 
be small, and the gap FF should be subdivided into small 



c. 




Fig. 130. 

parts. These conditions are chosen with a view to -making 
the coefficient of damping as small as possible. 

"The decrement (damping referred to the number of 
periods) depends mainly on the length of the spark, which 
may be from 4 to .5 cm. according to the capacity of the 
condenser, &c., and the resistance of the circuit It depends 
also on the material and size of the spheres FF, and on the 
dielectric hysteresis of the condensers. Let a- be the decre- 
ment in the given oscillating circuit, and let us assume 
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0^=0.06, since this represents as small a decrement as we 
can expect in a circuit containing a spark-gap. 

" In making the calculations for a circuit, one usually 
starts with the frequency n (the number of reversals per 
second), or what is equivalent, with the wave-lengfth, which 
one intends to adopt for transmission. The wave-length 
should be greater in proportion to the distance, since waves 
of great length pass more easily round obstacles, and 
because greater amounts of energy necessitate greater 
wave-lengfths. It does not do, however, to exaggerate the 
wave-length too much, since by so doing the sensibility to 
atmospheric disturbances is also increased. 

" We have* — 

- - - (i) 



VCiLi 



Li is given by the form and dimensions of the circuit and 
the diameter of the wire. If, for example, the circuit is 
circular and of radius R, and the wire of radius r, we have 
the equation — 



Li = 4^Rriog?^-2l, C.G.S. - - (2) 



In this equation the internal inductance of the conductor 
is neglected since it is hardly appreciable with high 
frequencies and non-magnetic conductors. 
" From (i) we obtain, by algebra — 

^^%-^ - - - - (3) 

Let Vi be the potential to which we require to charge the 
condenser on account of the distance to which we wish to 
telegraph, since the latter depends on the current in the 
aerial, and this again on its capacity and potential — 

^ = ;CiV,2 .... (4) 

represents the quantity of energy consumed in one dis- 

♦ See remark on frequency at commencement of chapter ; also note 
that C and L are in C.G.S. electro-magnetic units (microfarad =10" 
and henry = 10^ of these units). 
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charge, and if we take m as the number of these per 
second, 

W=IwCiV,2- ... (5) 

represents the activity or horse-power of the station. 

"The discharge must be oscillating, with as little 
damping as possible, <>., the resistance and radiation 
must be negligible. If, therefore, i^ be the current of 
the discharge, then I^, its maximum amplitude, is ap- 
proximately for the case considered in which the damping 
is small, 

^>=;^ - - - - (6) 

^'Numerical Example — Condenser Circuit of Trans- 
mitter, — If the circuit be circular, the diameter of the 
wire 0.8 cm., the radius of the circuit 30 cm., and value of 
« = 3 . lo^ we get from (2) and (3) — 

Li = 4 . 3.14 . 3o[log, (^) - 2] = 1656 CG.S. 

C,= — JL— — ^-5=6.8 . 10-18 CG.S. = 6.8 . io-» micro- 

3i4*.3^-io^*-i6s6 

farad. 

If we make Vi= 15,000 volts =15. 10" C.G.S., and 
w = 30, we get from (4) and (s) — 

zf; = o.5.6.8. io-^«. 152. 1022 = 0.765. lo^ CG.S. = 0.765 watt. 
W = 30 . 0.765 = 22.95 watt. 

I, = ^5' 10 — = 96 CG.S. = 960 amperes. 

^ 3.14.3. io«. 1656 

Now the aerial must have the same frequency «, consider- 
able capacity, and great power of radiation. 

" In place of using a direct earth connection, on account 
of its liability to variation (except in the case of an in- 
stallation on board ship) it is better to employ an electrical 
counterpoise, i.e.y a conductor of considerable area, near 
the earth. 
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" We shall assume for convenience in calculation that 
the aerial is a single wire, in which case * 

,.i^- .--.(„ 

/ being the length of the antenna (aerial), on the supposi- 
tion that the counterpoise is equal to the aerial g^ven. -. — 
From this equation we can get /= 5 . 10*, if « = 3 . 10^. 1 ^^ • 

" For telegraphy to a given distance the magnitude of 
the current in the aerial practically fixes all the other con- 
ditions. The maximum potential on the aerial must not 
go beyond a certain limit, otherwise the charge would be 
dissipated by leakage; it also depends on the condenser 
circuit, and on the degjree of coupling between the con- 
denser circuit and the aerial. The relation between current 
and potential may be given as — 

l^=2nC^y^ .... (8) 

which we obtain from the known formula — 

I = ir«CV, 

by taking account of the sinusoidal distribution of current 
and potential along the aerial. If we know Vg and give a 
definite value to Ig, we obtain C^ But also, 

€2= — ^i 10-20 C.G.S. . . (9) 

2l0g— ^ 

r 

in which r is the radius of the aerial which we are seeking. 
" In the case in which r is not negligible, as compared 
with the length of the aerial, the frequency n in place of 
the value g^ven in (2) may be taken, according to M. 
Abraham, as 

«=_, — 3-0^:^ — ,, . . (.0) 





3.10^^ 


2/ 


/ I \2' 



* According to Mr H. M. Macdonald the complete wave-length 
should be five times the length of the aerial, and not four times as 
here assumed. Experiments show that the intermediate number 
4.8 is approximately the true value. (See Fleming, " Electric Wave 
Telegraphy," p. 559.) 
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But usually it is unnecessary to take account of the thick- 
ness of the aerial wire. 

" Taking account only of the fundamental oscillation, 
we have, according to M. Abraham, the decrement a^ of the 
aerial given by 

_ 2.44 

"-^ ... (..) 

r 

in which we neglect the damping due to heating on account 
of ohmic resistance. This is usually a correct assumption, 
as Sommerfeld has shown that the joulean heat waste 
produces a damping represented by the formula 



in which <r is the conductance in C.G.S., ft the permeability 
of the wire, /j^ that of the dielectric medium, and r the 
radius of the aerial wire, and this quantity is small. 

" The inductance of the aerial is, for high frequencies — 

Lsj = 2.2/.log-C.G.S. - . (13) 

"The coupling of the circuit of the condenser to the 
aerial should be as we^ as possible, in order that the 
secondary may not react appreciably on the primary, and 
in order to have a ma^im efficiency we must make sure that 
the current " loop " is situated at die base of the aerial. 

" Let Mgi be the coefficient of mutual induction in the 
case of the given instantaneous value of the current at any 
point in the circuit. In our case we may put instead, the 

expression 4 Mgj. 

" The ^ oscillating in the condenser circuit produces in 
the aerial an E.M.F. e^ such that, 

,,=.|m4 - . - (14) 

and if Eg be its amplitude — 

E, = x«(lMa)l,»4«M„I, - - (15) 
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''^Numerical Example — Transmitting Aerial, — From (7) 
we get — 

To fix the diameter of the aerial let us suppose that the 
capacity is, for example, 300 cm. (electrostatic units), we 
then find from (9) — 

r 

from which we get r«= 3. Therefore our aerial should be a 
conductor of 6 cm. in diameter. Naturally in practice an 
aerial consisting of a number of wires would be used. 
" From (i i) we get — 

2.44 
log- 

As we said before, the formula (7) is only valid when the 
diameter of the wire is n^ligible in comparison with the 
length. Let us see by applying (10) whether this is so in 
this case : 






" The expression 5.6/ — ^. ] = 0.005, which shows 



that the frequency n corresponds to 2/= 10* . 1.005, which is 
very nearly 10*. We may thus neglect the difference. 
" From (13) we get — 



I^ = a . To^ log — = 160000 C.G.S. 
and from ( 1 2) — 



' 3 V 59.10-^ • 



10' • =0.00021 
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We thus see the damping due to joulean waste is quite 
negligible, as compared with ag, which we have determined 
above. 

" The Jig in the Aerial — The aerial is the seat of two 
types of jig, one being its own and the other that of the 
condenser. In the actual case we have the same frequency 
in both, and from theory we find that the two oscillations 
have otherwise the given initial amplitude and the decre- 
ments Oj and a2 respectively. The two jigs are compounded 
and give rise to a single resultant jig. 

" Before proceeding we may make the observation that 
if the maximum intensity of the current at the base of the 
aerial is known, it is possible to determine the maximum 
potential at the summit. 

"In an oscillating circuit in which the instantaneous 
values of the current and potential may be stated for any 
point of its length, we have as expressions for the energy 
of the circuit the well-known formulae — 

a; = iCV2 - 

or^iLF - 

C represents the capacity of the circuit, />., the number of 
lines of electric induction which start from one half of the 
circuit and finish on the other half, when the difference of 
potential is unity ; L is the inductance of the whole circuit, 
while I and V are the amplitudes of the current and 
potential. 

" The expressions (16) represent the same quantity of 
energy which at one instant, when the potential is a 
maximum, is entirely electrical, and, at another instant, 
when the current is a maximum, is entirely magnetic. 
From this we deduce — 

CV2 = LP, 

and recollecting that «= — -j= we find again the equa- 
tion (6)— 

vnL 
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In the case of our aerial we may suppose that C represents 
the capacity which is given by the formula (9) for the 
aerial alone, that is to say, of the half of the internal 
system, we ought to take account of the sinusoidal distribu- 
tion of the potential along it, and for this reason put 

C 

instead — , and since L represents the inductance of the 

TT 

whole system which is given by (13), we must substitute 

2I 

for it — ^. In equations (16) V represents the maximum 

difference of potential between the extremities of the 
circuit. Hence if we designate by V the maximum 
difference between the summit and base of the aerial, />., 
between an extreme point and the middle of the oscillating 
circuit — 

V' = lV. - - - - (17) 



We therefore obtain from (16) — 
From which 



2 TT 2 TT ' 



'-WI 



%■ - ■ (■«) 



If, instead of the maximum values of the aerial voltage and 
current, we take the effective or virtual values ^, y, we 
should get analogously 

<^ = V^- - - - - (.9) 

"The formula » = — -. in our case of a sinusoidal 

"•n/(LC) 
distribution of current and potential along the circuit 
reduces to 



I 



^/(ILC) 
And from (i8), (19), (20), we obtain 



(«o) 



1=^. ... - („) 
y^±. - - - - (.) 
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** To return to the thread of our argument. The oscillat- 
ing potential ^2 of the aerial is the algebraic sum of the 
two v\ and v'\, and if V'^ be the common amplitude 



v\ = V'o . ^-^•' . cos — sin (ir«/- f ) 
7/'2 = V'2 . ^ "*'' . cos — sin (7r«/- f ) 



.-. <l>2 = v\-v\ = Y,(e 



«,/ _-a,^ 



TX 



'2~^ 2"^ ^ 2V*^ -^ / 2/ 



)cos— . sin^/i/ 



(«3) 



where ;r represents the distance from the top of the aerial. 

" From theory* there results, in the case of our aerial, 
where Vj is as in (8) — 



^-«*2 




n aiaj(ai + a2) 



(26) 



Eg is given by (15). From which three formulse, and 
taking account of (21), we get the currents 



I>- 



7rE„ 



2«L2(ai-a2) 
2«L2a2\a2/ 



9 1 En^ 



««I^2aja2(aj + a2) 



(27) 
(28) 

(29) 



" At the beginning of the jig Ig and V« have the value 
zero, then, increasing gradually, they reach the maxima l^,^ 
and V^tMxy ^"^ ^^^ commence to decrease. 

♦ See J. Zenneck, " Elektromagnetische Schwingungen," p. 586. 
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" </>2 and 72 are the effective values of the potential and 
current The deflections of the measuring instrument are 
proportional to their squares. 

" The equation (29) represents the effective value of the 
current during a single discharge, and y^ is proportional to 
a given quantity of energy per unit time. If in one second 
we have m discharges the quantity of energy per second 
would be m times as great, and hence we should have to put 



and analogously — 



y,2 = !?l2!l*__! . - (30) 

^.,* = ^l2*!!^ L_ - - (31) 

8 n ai<*2(*h + **2) 



''Numerical Example — Transmitting Aerial, — Let us 
assume M2i = 200. 

"From (13) we have, as we have shown, Lg^ 160000 
C.G.S. and from (15) 

£2 = 4.3.10*. 200 . 96 = 2300 . 10® C.G.S. = 2300 volts. 

Substituting now in (24) (28) we get 

V' = i 3'i4* 2300-10 ^ = J -000 ,08 C.G.S. = 15000 volts. 
^ ^ 0.3-0.06 

To = ^^^T^ = 2.88 C.G.S. = 28.8 amperes. 
- 48 . 10^" 

V,™,.-is. lo"^? .-^(?^^)=^ = 8.30. .o"C.G.S. 

1656 0.3X0.3/ 

= 8300 volts. 

8 '^o 10^^ 

l2nux = a ' r i =1.71 C.G.S. = 17.1 amperes, 

-^ 3.io<*.i6.io* r ^ 

and supposing that m^^^o, we get from (31) and (22) 

^ 2 = 30- 230 0^- 10^^ - 3 ^4^ \ 

^ 8 . 3 . 10* 0.3 . 0.06(0.3 — 0.06) 

= 10050. lo^^CG.S. 
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Therefore 

<l>.2= 100 . 10* C.G.S. = 100 volts. 

100 .10® ^^ j^ r^ 

y = — ^ = 0.021 C.G.S. =0.21 amperes. 

' 3. 10®. 16. 10* 

"The Receiving Circuit — Let us now pass to the 
consideration of the receiving station, which may be 




8*^ 



Fig. 131. 

arranged as in Fig. 131. The aerial is supposed identical 
with the transmitting one, and is weakly coupled to an 
oscillating circuit, containing, for example, a coherer K 
and two condensers (the Marconi arrangement). The 
coherer at the first moment of arrival of the jig may be 
considered as a condenser. C4 is a condenser of a capacity 
great compared with that of the coherer, connected in 
parallel with the coherer so that the general conditions of 
the circuit may not be affected by the variations of the 
capacity of the coherer caused by the movements of the 
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filings which it contains, c'^ is a condenser which serves 
to prevent a short circuit of the relay and battery. Its 
capacity is much greater than that of C4 — so great, in fact, 
that the condition of the oscillating circuit whose ends are 
at C4 and the coherer is not altered by its presence. In 
calculating the circuit approximately we shall not take the 
capacity of the coherer into account. We have 



«=- 



in which n is the frequency adopted by the transmitting 
station. L^ varies according to the shape and size of the 
circuit and the diameter of the wire. C4 must be, as we 
said, great enough, but not too great, in order that we may 
not have to exaggerate the size of C\. 

" According to the experiments of Duddell and Taylor 
and others, the effective current in the receiving aerial is 
proportional to the length of the aerial and to the strength 
of the transmitting current, and is inversely proportional 
to the distance between the stations. 

" In our case let us suppose that by means of an instru- 
ment we know the current 73 at the base of the aerial. 
This current y^ is the resultant of a component ^g with the 
decrement o^ of the transmitting station, and another Tj 
with the decrement a^ of the receiving aerial. The equa- 
tions for potential and current are analogous to (23). 

" Knowing y^ we have from (30) by altering the suffixes 



g^2, y8^8^%S<^(*h + s) . . (32) 



Also— 



rniT' 



^^i-oT?!, - - ■ (33) 

V,n-. = iE3j(j)(^.) - - - (34) 



*2 ^"^2 



*8""^„T /„ ^ ^ V " ■ ■ (35) 

^--.is^^S©^"^^ - - (36) 
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" Numerical Example — Receiving Aerial. — If at the base 
of the receiving aerial we find a current 

73 = 3. io-*amp. = 3. io-*C.G.S. 

Then from (37) we have — 

</>g = 3 . 10-* . 3 . 10* . 16 . 10* = 1.45 . 10* C.G.S. = 1.45 volt. 

" Applying results (32) to (36) we get — 

p. _ 3 . io"*.2 A/2.3. V3 . 10* . 16 . 10* 

n/3*.3-I4 
= 28.4 . 108 C.G.S. = 28.4 volts. 

V' = Hi . ^^±:2^ 185 . 108 C.G.S. = 185 volts. 
* 2 0.3-0.06 ^ ^ 

^'» = ^TiS = 3,8 • 10-^ CG.S. = 0,38 amp. 

V3^, = i28.4 . los^if— ^<^^^^^^= 104. 108C.G.S. = io4volts. 
' 2 ^ 0.3 \ 0.3 / 

l3^ = i|tLi^=2.i7. 10-2 CG.S. =0.217 amperes. 
48 . 10*'' 

"The Secondary Circuit of the Receiving Station.— 

The secondary of the receiving station consists essentially, 
as we have said, of the closed circuit of the condenser C4. 
An E.M.F. e^ is generated in it, at its point of coupling with 
the aerial, corresponding to the jigs transmitted by the 
sending station. Since this circuit is not interrupted by a 
spark-gap, it may be constructed so that its damping is 
exceedingly small ; let us suppose it is a^= 0.006. 

" The jigs impressed on the circuit have the decrement 
ai=o.o6 of the transmitting station, while in the receiving 
circuit itself the decrement is 0^=0.006 as indicated above. 
At the commencement the resulting jig has obviously a 
zero value ; it increases to a maximum and then decreases 
to zero again. Since aj is in our case much greater than 
a^, the growth of the jig is much more rapid than its 
decline, hence we may assume, with an approximation 
which is good enough to give us at least the maxima^ that 
we are dealing with an oscillation having a simple decre- 
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ment a^ and an amplitude equal to the maximum amplitude 
of the compound oscillation. 

" The E.M.F. will be given by the formula — 

^4=-M«§ - . - - (sS) 
And the amplitude of it is — 

E4=l8m«^«M4g .... (39) 

As we said before, at the beginning of the action of the 
jig, the coherer behaves as a condenser. While it does so 
our equations will hold, but when it reaches a maximum, 
or when the coherer is cohered (which may be sooner), they 
have served their purpose and are not afterwards valid. 
We may therefore assume that (24), (25), (27), (28) remain 
valid, as they only deal with the instantaneous values of 
current and potential at a point in the circuit ; they may 
therefore be transformed into the following : — 

V..-IIJ- . - . . uo) 

''Numerical Example — Coherer Circuit. — From (40) 
(41), and (6) we have, putting M = 200 and L4 = Li= 1656, 

£4 = 2.17 . 10 ■ 2. 3.14. 3 . 10®. 2oo = o.4C.G.S. = 0.4 volt. 

V' = 3'i4-0'4'io^ ^ 6 J08 C.G.S. = 23.6 volts. 
0.06 — 0.006 

V,„„ = o.4. xos. J±L(£^)-^^.= ,6.4. .o»C.G.S. 
= 16.4 volts. 

J, 2Z,(,.io^ C.G.S.= i.s ampere. 

3- 10* • 3-14- 1656 



*-A. max "~" 



■-4 max 



i^ilii^- = o. 1 1 C.G.S. = 1.1 ampere. 



3.io«.3.i4. 1656 
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" What we have given above may serve to give a quanti- 
tative idea, though only to the first order of approximation, 
of the phenomena of syntonic wireless telegraphy, and 
indicate the ways in which we may by calculation deter- 
mine the dimensions of the various parts of an installation. 

"The most notable result which arises from the 
numerical examples given is the demonstration of the 
difficulty of obtaining sufficiently high potentials for long- 
distance transmission. 

** In general we may say the numbers resulting from the 
calculations are, if not always very close, at least sufficiently 
concordant to provide material for a study of the maxima 
and of the quantities dependent on them." 

[Note, — The quantities on which the action of various 
types of detector depends are as follows : — 

For coherers, V^^ax. 

„ magnetic detectors, l^^^- 

„ thermo-galvanometers, y\ 

J. E..M.] 



U 
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CHAPTER XXI. 

TABLES AND NOTES. 

In order to render the volume of gjreater service to those 
who are directly interested in wireless telegraphy, some 
numerical and diagrammatic Tables, with other useful 
matter, are given in this chapter. Several of the Tables 
are new, having been specially calculated for the purpose ; 
in other cases the source from which the Table is taken 
is noted. 
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Morse Codes. 


The European or 


Conti- 






nental Code 




American Morse 


A - — 




A 





B 




B 


- 


C 




C 


- - - 


D 




D 





E - 




E 


. 


F 




F 





G 




G 


— 


H 




H 


- - - . 


I -- 

ic •_- = - 




I 






^— . - -^ 


L 




L 




M 




M 





N — - 




N 


— - 










- - 


P 




P 




Q 




Q 





R 




R 


- - . 


S --- 




S 


- _ - 


T — 




T 


— 


u 




U 


- - — 


V 




V 


- - . — 


W 




W 


- 


X 

Y 

Z 

Numerals. 
I 




X 

Y 
Z 

I 


- — - . 




Numerals. 


3 

4 . 

5 

6 




2 

3 

4 

5 
6 

7 







11:. 


8 

9 

— 




8 

9 






• ------ 




• 

? 

! 


- 
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Table I.— Dielectric Strengths of Various 
Insulators. 

Kilovolts per centimetre required to break down the 
Insulator, 



Material. 

Micanite- ....... 4000 

Mica -.-.-... 2000 

American Linen Paper, Paraffined .... 540 

Ebonite .------- 538 

Indiarubber -..--.. 492 

Linseed Oil ------- 83 

Cotton Seed Oil - - - - 67 

Lubricating Oil - - - - - 48 

Air Film, 2 mm. thick ------ 57 

Air Film, 1.6 cm. thick ------ 27 

The numbers in this Table are taken from various sources. 



Table II.— Specific Inductive Capacities or 

INDUCTIVITIES. 
Inductivity of air taken as= i. 



ilids-- 


Solids-- 




Ebonite - - - 2.5 


Paraffin wax - 


- 2.1 


Glass, according to 


Sulphur 


- 3.8 to 4.7 


density - 6.0 to lao 






Guttapercha - - - 3.0 


Liquids — 




Indiarubber, pure - - 2.2 


Castor oil 


- - 4.8 


„ vulcanised 2.8 


Petroleum oil 


- 2.1 


Mica - - - - 6.7 


Water at 15' C 


- 80 



Note. — For high frequency currents the inductivity is usually 
somewhat less than the figure given. 
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Definitions and Formulae. — Fre^uemy^ Number of 
complete cycles per second : Symbol N. Period^ Duration 

of one cycle : Symbol T. Wave-length, in meters = ^-j^ — : 
Symbol X. Natural Frequency of an open electric circuit 
= .-— , where C = Capacity in microfarads, L= Induct- 
ance in centimetres. 

Damping, — In a jig in which the oscillations are de- 
creasing in amplitude the " damping " per half-period is the 
ratio of the amplitude of the second half-wave to the first. 
The Napierian logarithm of the reciprocal of this ratio is 
called the logarithmic decrement : Symbol 5. (See p. 210.) 



Table III. — Electrostatic Capacity of a Sphere 
IN Air at a Great Distance from other 
Conductors. 



Diameter. 


1 

1 Electrostatic Units. 

j 


InMiUiontbsofa 
Microforad(mmfd). 


Cms. 






.5 


.25 


.278 


1.0 


.5 


.556 


1.5 


75 


.831 


2.0 


' I.O 


I. II 


2.5 


1 1.25 


1.39 


3.0 


1 '-5 


1.66 


4.0 


' 2.0 


2.22 ' 


5.0 


2.5 


2.78 


lao 


; 5.0 


5.56 


100.0 


50.0 


55.60 



(From formula, electrostatic capacity = radius.) 

If the sphere is in another medium than air, multiply figure given 
by specific inductive capacity of medium. 
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Table IV. — Capacity of Parallel Plate 
Condensers. 



90 




1 










/ 








80 


5 


j 








/ 


^ 








70 


IT 

I 








J 


/ 








X 


60 


/ 








f 








/- 


X 


50 


/ 






/ 


/ 




<^> 


^y^ 






40 






/ 


/ 




/ 


^ 








30 






/ 




y 


^ 






^ 


.--' 


20 




/ 


y 


y 




-^ 


^ 




J>- 


t^,- — 


10 


/ 


/ 






^ 


^^^^ 


^^ 




=^^ 




k 


^ 

^ 






^ 


^ 


^ 




^ 



T- 
•6 
•8 
10 



10 



20 30 40 50 


60 


70 80 


Area of Plate 


IN 


So Cms 



90 iOd 



The lines correspond to plates at distances T=.oi cm., &c. &c. 
apart The values are only roughly approximate, unless the area be 
great in proportion to the thickness t of the dielectric. 

The dielectric is supposed to be air ; if otherwise, multiply by 
inductivity. 

To reduce to microfarads, divide E.S. units by 9X lo^. 
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Table V.— Capacity of a Cylindrical Condenser. 

6C0 



50 



Cms 





















7 


450 


















/ 




400 
















/ 






,^50 












J> 


/ 








"500 












7 










?50 










/ 








^ 


-^ 


300 








/ 




% 


^ 






^^_^ 


150 






/ 




^ 


^ 


^ 


%^ 


^ 


^ 


100 




/ 


^ 


^ 


^ 


^ 


s 


ft 


i^ 


^ 




^ 


^ 


^ 


^ 


^ 




SO 



123456789 10 

Length of Inner Tube Covered by Outer: Cms 

The dielectric is supposed to be air. Multiply by Spec. Ind. 
Capacity, if another dielectric is used. 

The ratio r,/ra is ratio of inside radius of outer conducting tube to 
outside radius of inner tube. 

The lines between n/ra^ 103/100 and r^lr^— 1 10/100 are for values 
ri/r2= 104/100, &c. &c. The absolute lengths of radii do not matter ; 
only the ratio. 

To obtain microfarads, divide E.S. units by 9 x 10*. 



CO 

Z 

to 



u 

(0 

z 

UJ 
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Table VI. — Capacity of Vertical Wires of Various 
Diameters and Lengths in Millionths of a 
Microfarad (mmfd.). 

(From the formula, K=//(2 log ?f) 

a 



No. 


Diameter. 


Height in Metres. 


S.W.G. 


Cm. 


5 


10 


20 


30 


40 


50 


4 

lO 

i6 

22 

36 


.59 

.325 

.162 

.071 

.019 


37.4 
34.4 
31.8 
29.1 
25.6 


68.3 
63.7 
59.0 
54.2 
47.8 


126 
118 
no 
102 
90.6 


181 
170 
158 
147 
132 


234 
220 
206 
191 
172 


286 
269 
252 

234 
211 



The capacity of a number of wires near one another is always much 
less than the sum of their individual capacities. 

The capacity of a stranded wire is very little greater than that of a 
single wire of the same outside circumference. 

Table VIL— Inductance of Helix per Cm. 
OF Length. 



D. 


N = i. 


N=2. 


N=3. 


N=4. 


I 


9.86 


39.36 


88.56 


157 


2 


39.4 


157 


354.6 


630 


3 


88.7 


354.8 


798.3 


1419 


4 


157 


630 


1419 


2520 


5 


246 


984 


2214 


3936 


6 


354 


1419 


3186 


5664 


7 


482 


1928 


4338 


7712 


8 


630 


2520 


5670 


10080 


9 


798 


3192 


7182 ' 


12768 


10 


986 


3936 


8856 


15744 



D = Diameter in cms. 
N= Turns per cm. 

The inductances are given in centimetres (i henry = 10^ cm.), and 
are calculated from the approximate formula L=(grDN)*. To obtain 
approximate inductance of a helix of length /, multipl)r figure given in 
Table by /. Unless the helix is long in proportion to its diameter, the 
nvimber given is only roughly approximate. 
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Table VIII. — Resistance of Straight Copper 
Wires to Constant and to High Frequency 
Currents. 











Resistance in Ohms per Meter 
for Uniform H.F. Currents 










No. on 
S.W.G. 


Diameter. 


Resistance for 
Constant Current. 


of Frequencies 
















I0». 


IQP. 


lO'. 




Inch. 


Cm. 


Ohms per Meter. 








12 


.104 


.264 


.00312 


.0109 


.0328 


.103 


14 


.080 


.203 


.00528 


.0142 


.0430 


.130 


16 


.064 


.163 


.00824 


.0180 


.0527 


.168 


18 


.048 


.122 


.0147 


.0253 


.0715 


.223 


20 


.036 


.091 


.0260 


.0358 


.0933 


.300 


22 


.028 


.071 


.0431 


.0509 


.1207 


.389 


30 


.0124 


.0315 


.220 


.220 


.269 


.900 


32 


.0108 


.0274 


.290 


.290 


.313 


1.042 


^f 


.0092 


.0234 


.398 


.398 


.416 


1.235 


36 


.0076 


.0193 


.585 


.585 


.597 


1.525 


38 


.0060 


.0152 


.943 


.943 


.950 


2.080 


40 


.0048 


.0122 


1.466 


1.466 


1.473 


2.580 


42 


.0040 


.0102 


2.109 


2.109 


2.200 


3.260 


44 


.0032 


.cx>8i 


3.300 


3.300 


3.300 


4.070 



Calculated from the formulae of Kelvin, Maxwell, and Rayleigh as 
modified by Brylinski. If R be the C.C. resistance and R' the H.F. 
resistance — 



1=1, when ^/5=y^^<o.5. 
-o.i56x2\/a+i. 
; when Va > 1.5. 



R __^ 

R'_2N/2a+I 



^=0.079 X 4a -O.I 56 X 2 \/a+ 1.077 ; when \/a between .5 and 1.5. 
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TABLE IX.— Ratio of H.F. Resistance R" with 
Damping to R', the Resistance given in Table 
VI 1 1. FOR Uniform H.F. Currents. 



(From Dr E. H. Barton's formulae) 



^^ 



< 



1-35 



1-30 



1-25 



l«20 



115 



1*10 



1*05 



1*00 






•05 



•10 



•15 



•20 



•25 



•30 



•35 



•40 



Damping Factor 
Damping factor = Logarithmic decrement per half-period 
divided by tt. 

Notes on Spark Resistance. 

The resistance of the spark is in general the largest 
resistance in the path of the jig currents in wireless tele- 
graph apparatus. It ranges from a fraction of an ohm 
for a spark length of about a millimetre up to 8 or lo ohms 
for I cm., and its actual value depends on the materials of 
the electrodes, and also on the capacity in circuit and on 
the damping. The total resistance of a number of sparks 
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in series is less than the resistance of a single spark whose 
length is the sum of the others ; hence spark-gaps are now 
usually subdivided. 

TABLE X.— Spark Lengths in Air, with Spark 
Balls of Various Sizes. 

(From Mr E. Watson's Experiments, by kind permission of the Council 
of the Institute of Electrical Engineers.) 



X20 




Sparking distance in CentimeCres. 



10 
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Notes on Petrol Engines, Djrnamos, and 
Accumulators. 

Always pour your petrol into the tank through a 
strainer, for small solid particles may cause trouble in the 
carburettor. 

Use a good quality of spirit, as (though almost any- 
thing will do in an emergency) you will very soon have 
trouble with the valves, &c., if you don't. 

Study your engine till you know its weak points, and 
nurse them carefully. 

If there is much sparking at the brushes of the dynamo, 
move them round the commutator until sparking is a 
minimum. 

If the dark coloured marks usually called "flats" ap- 
pear on the commutator, remove the brushes and polish with 
fine emery cloth, taking care that no emery gets into the 
bearings, finish with an oily rag, removing all dust. 

Never discharge or charge your accumulators at greater 
rates than those stated by the makers. Never let the 
voltage of any cell drop below 1.85, and see that they are 
fully charged at least once a fortnight, even when not in 
use. Continue charging until the acid turns milky through 
the rapid evolution of gas from the plates. The density of 
the acid should be at least 1.195. 

If the plates show signs of buckling, reduce the rates of 
charge and discharge, and examine them carefully from 
time to time in case short circuits should occur between 
adjacent plates. 

Adhere strictly to any special instructions the makers 
may supply. 
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Notes on Ropes. 

(From "The Gunner's Pocket Book.*) 

Hemp Rope. — To calculate the working strain of rope, 
square the circumference in inches, and divide by 8 for the 
strain in tons. 

To find the least size of rope to lift a given weight, 
multiply the weight in tons by 8 and extract the square 
root. The number found is the circumference in inches. 

Wire Rope. — To find the safe strain for wire rope, 
multiply the square of the circumference in inches by .3 for 
iron, and .8 for steel wire. The breaking load is about 
three times the safe load. 

Weight in lbs. per fathom is equal to the square of 
the circumference in inches. Thus 4-inch wire rope would 
weigh 4x4=16 lbs. per fathom. 
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EXTRACT FROM PREFACE. 
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electrical engineering, as well as helpful to civil, mechanical, and other engineers who have 
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BOILERS (STEAM). Their Construction and Management. By 
R. Armstrong, C.E. Illustrated. Crown 8vo, cloth ... 15. 6d. 

BOILERS. Their Strength, Construction, and Economical Working. 
By R. Wilson, C.E Fifth Edition. i2mo, cloth .. ... 65. 
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BRIDGE CONSTRUCTION IN CAST AND WROUGHT 

IRON* A Complete and Practical Treatise on, including Iron Founda- 
tions. In Three Parts. — Theoretical, Practical, and Descriptive. By 
William Humber, A.M.InstCE., and M.InstM.E. Third Edition, 
revised and much improved, with 1 1 5 Double Plates (20 of which now 
first appear in this edition), and numerous Additions to the Text In 2 
vols., imp. 4to, half-bound in morocco. £6 i68. 6d. 

' In addition to elevations, plaiM, and secticMis, lar^e scale details are given, which venr much 
enhance the insUfoctiTe work of these illustrations. "-—Cn^/ Bugineer and ArchittcCs ycumal, 

BRIDGES AND VIADUCTS, IRON AND STEEL A 

Practical Treatise upon their Construction. For the Use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E. Crown 8vo, 
cloth 35. 6d. 

BRIDGES (IRON) OF MODERATE SPANt Their Con- 
struction and Erection. By H. W. Pendred. With 40 illustrations. 
Crown 8vo, cloth as. 

BRIDGES^ OBLIQUE^ A Practical and Theoretical Essay. 
With 13 large PJates. By the late George Watson Buck, M.Inst.C.E. 
Fourth Edition, revised by his Son, J. H. Watson Buck, M.Inst.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the 
Construction of Oblique Bridges, by W. H. Barlow, M.Inst.C.E. Royal 

8vo, cloth 135. 

As a ^ide to the engineer and architect on a confessedly difficult subject, Mr. Buck's work is 
**• — Buiidin^ News, 

BRIDGES, TUBULAR AND OTHER IRON GIRDER. 

Describing the Britannia and Conway Tubular Bridges. With a Sketch 
of Iron Bridges, Eta By G. D. Dempsev, C.E. Crown 8vo, cloth a*. 

CALCULATOR (NUMBER, WEIGHT AND FRAC- 

TIONAL). Containing upwards of 25o,cxx> Separate Calculations, show- 
ing at a Glance the Value at 422 Different Rates, ranging from ylgth of a 
Penny to 20s. each, or per cwt., and ;^20 per ton, of any number of 
articles consecutively, from i to 470. Any number of cwts., qrs., and lbs., 
from I cwt. to 470 cwts. Any number of tons, cwts., qrs., and lbs., from 
I to I poo tons. By William Chadwick, Public Accountant. Fourth 
Edition, Revised and Improved. 8vo, strongly bound i8s. 

CALCULATOR (WEIGHT)* Being a Series of Tables upon a 
New and Comprehensive Plan, exhibiting at one Reference the exact 
Value of any Weight from i lb. to 1 5 tons, at 300 Progressive Rates, 
from id, to i68j. per cwt, and containing 186,000 Direct Answers, which, 
with their Combinations, consisting of a single addition (mostly to be 
performed at sight), will afford an aggregate of 10,266,000 Answers ; the 
whole being calculated and designed to ensure correctness and promote 
despatch. By Henry Harben, Accountant. Sixth Edition, carefully 
Corrected. Royal 8 vo, strongly half-bound £1 53. 
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CHAIN CABLES AND CHAINS- Comprising Sizes and 
Curves of Links, Studs. Etc., Iron for Cables and Chains, Chain Cable 
and Chain Making, Formine and Welding Links, Strength of Cables and 
Chains, Certificates for Cables, Marking Cables, Prices of Chain Cables 
and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, Etc., Etc. By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in- Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establish- 
ments, and General Superintendent, Lloyd's Committee on Proving 
Establishments. With numerous Tables, Illustrations, and Lithographic 
Drawings. Folio, cloth £a as. 

CIVIL ENGINEERING* By Henry Law, M.InstC.E. Includ- 
ing a Treatise on Hydraulic Engineering by G. R. Burnell, M.InstC.E. 
Seventh Edition, Revised, with Large Additions on Recent Practice by 
D. KiNNEAR Clark, M.Inst.C.E. Crown 8vo, cloth ... 6s, 6d. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION, 

their Materials and Manufacture. The Calculation of Circuits, Pole-line 
Construction, Underground Working, and other Uses. By F. A. C. 
Perrine, A.m., D.Sc, formerly Professor of Electrical Engineering, 
Leland Stanford, jr.. University, Member American Institute Electrical 
Engineers. Medium 8vo, 300 pp., fully illustrated, including Folding 
Plates and Diagrams Net aos. 

CONTINUOUS RAILWAY BRAKES* A Practical Treatise 
on the several Systems in Use in the United Kingdom, their Construction 
and Performance. By M. Reynolds. 8vo, cloth 98* 

CRANES^ the Construction of, and other Machinery for Raising 
Heavy Bodies for the Erection of Buildings, Etc. By J. Glynn, F.R.S. 
Crown 8vo, cloth is. 6d. 

CURVES* TABLES OF TANGENTIAL ANGLES AND 

MULTIPLES^ For Setting-out Curves from 5 to 200 Radius. By 
A. Beazeley, M.Inst.C.E. Seventh Edition, Revised. With an 
Appendix on the use of the Tables for Measuring up Curves. Printed 
on 50 Cards, and sold in a cloth box, waistcoat-pocket size... 3s. 6d. 

" Each table is printed on a small card, which, placed on the theodolite, leaves the hands free to 
manipulate the instrument— no small advantage as regards the rapidity of woric"— i?ii;^uMrr. 

DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By G. D. Dempsey, C.E. Revised, with Large Additions on Recent 
Practice in Drainage Engineering by D. Kinnear Clark, M.Inst.C.E. 
Fourth Edition. Crown 8vo, cloth 4s. 6d. 

DYNAMIC ELECTRICITY AND MAGNETISM, EL& 

MENTS OF* A Handbook for Students and Electrical Engineers. 
By Philip Atkinson, A.M., Ph.D. Crown 8vo, cloth, 417 pp., with 
120 Illustrations 108. 6d. 

DYNAMO BUILDING- HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. By A. Crofts. Crown 8vo, cloth, as. 
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DYNAMO ELECTRIC MACHINERY* By Samuel Sheldon, 
A.M., Ph.D., Professor of Physics and Electrical Engineering at the 
Polytechnic Institute of Brooklyn, etc., assisted by Hobart Mason, 
B.S., E.E. In Two Volumes (Sold separately). 

Vol. I.— DIRECT CURRENT MACHINES Sixth Edition, Revised. 
203 Illustrations i^s. Net. 

Vol. II.— ALTERNATING CURRENT MACHINES. Fifth Edi- 
tion. With 184 Illustrations las. Net. 

DYNAMO MANAGEMENT* A Handybook of Theory and 
Practice. For the use of Mechanics, Engineers, Students, and others 
in charge of Dynamos. By G. W. Lummis-Paterson, Electrical 
Engineer. Third Edition, Revised. Crown 8vo, 260 pp., with 100 
Illustrations, doth 48. 6d . 

Electrical Units— Magnbtic Principles—Theory ok the Dynamo— Armatures - 
Armatures in Practice- Field Magnets— Field Magnets in Practice— Regulation 
Dynamos— Coupling Dynamos — Running Dynamos— Faults in Dynamos— Faults in 
Armatures— Motors. 

"The book may be confidently recommended.*' — Engituer. 

DYNAMO, MOTOR, AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL ENGINEERS. A Practical Book dealing with 
the subject of Direct, Alternating, and Polyphase Currents. By 
William R. Bowker, C.E., M.E., E.E. Medium 8vo, cloth. 109 
Diagrams Net 6«, 

DYNAMO AND MOTOR CIRCUITS— Starting and Stopping of same— Mbthods ok 
Changing Direction ok Rotation— Synchronism— Paralleling of Alternators, etc.— 
POLYPHASE CIRCUITS— Polyphase Transmission of Power— Diphase and Triphase 
Circuits, etc.— BOOSTERS - Equausbrs— Reversible Boosters— Storage Batteries— 
End-Cbll Switches, etc.— ELECTRIC TRACTION MOTORS— Series— Parallel Con- 
trollers— Car-Wiring Diagrams— Motor Vehicle Circuits — Canal Haulage Rotary 
Converters— Switchboard Circuits, etc. 

DYNAMOS (ALTERNATING AND DIRECT CUR 

RENT). A Text-book on their Construction for Students, Engineer- 
Constructors and Electricians-in-Charge. By TYSON Sewell, A.M.I.E.E., 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
R^ent Street, London, author of " The Elements of Electrical Engi- 
neering." 328 pp., with over 230 Illustrations. Large crown 8vo, cloth. 

yust published. Net 75. 6d. 

Fundamental Principles of Direct Currents— The Magnetic Field— The Produc- 
tion op an ElectrO'MOTive Force— Fundamental Prinoples op Alternating Currents — 
The Alternating Magnetic Field— The Capacity op the Circuit— Bipolar Dynamo 
Cokstruction— Theory op Bipolar Machines- Bipolar Dynamo Desiun— Multipolar 
Dynamo Construction— Multipolar Dynamo Design— Single Phase Alternators— Con- 
STRUcnoN of Altsknators — Polyphase Alternators — Exciting, Compounding and 
Synchronising op Alternators. 

EARTHWORK DIAGRAMS* These Diagrams or Scales have 
been designed with the intention of reducing the labour connected with 
the computation of earthwork quantities, and especially those of railways 
and roads. It has been found in the Authors' practice that they are 
much quicker, and at the same time as accurate and much more com- 
plete than most of the tables heretofore published. By R. A. Erskine- 
Murray, A.M.InstC.E., and Y. D. Kirton, A.M.Can.Soc.C.E. On a 
sheet in a roll, net 5s., or mounted on card, net 78. 6d. \_/ust published. 
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EARTHWORK MANUAL By Alex. J. Graham, C-E. Wiih 
numerous Diagrams. Second Edition. i8mo, cloth ... as. 6d. 

EARTHWORK TABLES. Showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Bkoadbent, C.E., and Francis Campin,C.E. 
Crown 8vo, cloth 5s. 

EARTHWORK TABLES, HANDY GENERAL. Giving 

the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with 
either 66 feet Chain or 100 feet Chain. By J. H. Watson Buck, 
M.InstC.E. On a Sheet mounted in cloth case 35. 6d. 

ELECTRIC LIGHT. Its Production and Use. By J. W. Urquhart. 
Crown 8vo, cloth 75. 6d. 

ELECTRIC LIGHT FITTING. A Handbook for Working 
Electrical Engineers. By J. W. Urquhart. Crown 8vo, cloth 5s. 

ELECTRIC LIGHT FOR COUNTRY HOUSES. A Piac- 

tical Handbook, including Particulars of the Cost of Plant and Working. 
By J. H. Knight. Crown 8vo, wrapper is. 

ELECTRIC LIGHTING. By Alan A. Campbell Swinton, 
. M.InstC.E., M.I.E.E. Crown 8vo, cloth 15. 6d. 

ELECTRIC LIGHTING AND HEATING. A POCKET^ 
BOOK* Comprising useful Formulae, Tables, Data, and Particulars 
of Apparatus and Appliances for the Use of Central Station Engineers, 
Contractors, and Engineers-in-Chargc. By Sydney F. Walker, R.N., 
M.I.E.E., M.I.M.E., A.M.InstC.E., Etc. F'cap 8vo, 448 pp., 270 
Diagrams, and 240 Tables \Ju5t published. Net 'js. M. 

Definitions— DiFFMRENT Units Employbd— Laws op Electric Circuits— Diffesbnces 
BETWEEN Working of Continuous and Alternating Currents— Laws of Electro- 
magnetic AND Electro-Static Induction— Electricity Generators- Accummulators— 
Switchboards, Switches, Circuit-Breakers, etc.— Cable»— Methods of Insulation- 
Sizes AND Insulation of Cables Made by Leading Makers— Conduits— Leading Wires 
AND Other Accessories— Measuring Instruments op all Kinds and Apparatus for 
Testing Lamps and Accessories— Apparatus for Heating by Electricity. 

ELECTRIC SHIP-LIGHTING* A Handbook on the Practical 
Fitting and Running of Ship's Electrical Plant. By J. W. Urquhart. 
Crown 8vo, cloth 7s, 6d. 

ELECTRIC WIRING, DIAGRAMS AND SWITCH- 
BOARDS. By Newton Harrison, E.E., Instructor of Electrical 
Engineering in the Newark Technical School. Crown 8vo, cloth 

Net $s. 

The Beginning of Wiring—Calculating the Size of Wire— A Simple Electric Light 
Circuit Calculated— Estimating the Mains Feeders, and Branches— Using the Bridge 
KOK Testing— The Insulation Resistancb— Wiring for Motors— Wiring with Cleats, 
Mouiding and Conduit — Laying-out a Conduit System- Power Required for Lamps- 
Lighting OF A Room— SwiTCHnoARDs and their Purposk— Switchboards Designed for 
Shunt and Com found- Wound Dynamos— Panel Switchboards, Street Railway Switch- 
boards, Lightning Arresters— The Ground Detector— Locating Grounds— Alternating 
Current Cifcuits— The Power Factor in Circuits— Calculation of Sizes of Wire for 
Single, Two and Three phase Circuits. 
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ELECTRICAL AND MAGNETIC CALCULATIONS- 

For the use of Electrical Engineers and Artisans, Teachers, Students, 
and all others interested in the Theory and Application of Electricity and 
Magnetism. By A. A. Atkinson, M.S., Professor of Physics and 
Electricity in Ohio University, Athens, Ohio. Crown 8vo, cloth Net 95. 

ELECTRICAL DICTIONARY* A Popular Encyclopaedia of 
Words and Terms used in the Practice of Electrical Engineering. 
By T. O'CoNOR Sloane. A.M., E.M., Ph.D., Author of ** Arithmetic 
of Electricity," "Electricity Simplified," "Electric Toy Making," etc. 
Third Edition, with Appendix. 690 pages and nearly 400 Illustrations. 
Large Crown 8vo, cloth Net 7s. 6d. 

"The work has many attractive features in it, and is beyond doubt, a well-put-together and 
u&eful publication. The amount of ground covered may be gathered from the fact that in the index 
about 5,000 references will be found." — EUcttical Revitw. 

ELECTRICAL ENGINEERING. A First-Year's Course for 
Students. By Tyson Sewell, A.M.I.E.E., Lecturer and Demonstrator 
in Electrical Engineering at the Polytechnic, Regent Street, London. 
Fourth Edition, Revised, with Additions. Large Crown 8vo, cloth. 

462 pp., with 278 Illustrations \^ Just published. Net ^s. 

Ohm's Law— Units Employed im Electrical Enginkbhing— Series and Parallel 
Circuits— Current Density an'> Potential Drop in the Circuit— The Heating Effect 
OF THE Electric Current- The Magnetic Effect of an Electric Cumrbnt — The 
Magnetisation op Iron— Electro Chemistry— Primary Batteries— Accumulators — 
Indicating Instruments— Ammetkrs, VoLTMhTERS, Ohmmeiers — Electricity Supply 
Meters— Measuring Instruments, and the Measurement of Elf-ctrical Resistance— 

MEASLRBMENr OF POTENTIAL DIFFERENCE, CAPACITY, CURRENT STRENGTH, AND PeRMS> 

ABILITY— Arc Lamps— Incandescent Lamps— Manufacture and Installation— Photo- 
mktry— The Continuous Current Dynamo — Direct Current Motorn— Alternating 
Currents- Transformers, Alternators, Synchronous Motors— Polyphase Working — 
Appendix L, The Three Wire System- Appendix 1 1., Questions and Answers. 

*' DUtinctly one of the best bocks for those commendDg the study of electrical engineering, 
Everything is explained in simple language which even a beginner cannot fail 10 understand.''— 
Tfu Engifuer. 

ELECTRICAL ENGINEERING (ELEMENTARY). In 

Theory and Practice. A Class Book for Junior and Senior Students and 
Working Electricians. By J. H. Alexander. With nearly 200 illustra- 
tions. Crown 8vo, cloth AV/3S. 6d. 

Fundamental Principles— Electrical Currents — Solenoid Coils, Galvanometers. 
Volt-Meters — Measurin(; Instruments — Alternating Currents — Dynamo Electric 
MACHINE"*— Continuous Current Dynamos— Induction, Static Transformers, Converters- 
Motors — Primary AND Storage Cells -Arc Lamps — Incandescent L*mps — Switches, 
Fuses, etc. — Conductors and Cables — Electrical Energy Meters — Specifications — 
Generation and Transmission ok Electrical Energy—Generating Stations. 

ELECTRICAL TRANSMISSION OF ENERGY. A 

Manual for the Design of Electrical Circuits. By Arthur Vaughan 
Abbott, C.E., Member American Institute of Electrical Engineers, 
Member American Institute of Mining Engineers, Member American 
Society of Civil Engineers, Member American Society of Mechanical 
Engineers, etc. Fourth Edition, entirely Rewritten and Enlarged, with 
numerous Tables, 16 Plates, and nearly 400 other Illustrations. Royal 

8vo, 700 pages. Strongly bound in cloth AV/ 30s. 

Introduction— The Properties of Wire— The Construction of Aerial Circuits- 
General Line Work— Electric Railway Circuits— Protection—The Construction of 
Underground Circuits— Conduits— Cables and Conduit Conductors— Special Railway 
Circuit— The Interurban Transmission Line— The Third Rail— The Urban Conduit- 
Electrical Instruments— Methods of Electrical Measurement— Continuous-Current 
Conductors— The Heating of Conductors— Conductors for Alternating Currents- 
Series Distribution — Parallel Distribution — Miscellaneous Methods — Poi yphasb 
Transmission— The Cost of Production and Distribution. 

Note.— This Volume forms an Indispensable Work for Electrical Engineers, Railway and 
Tramway Managers and Directors, and all interested in Electric Traction. 



Digitized by LjOOQIC 



10 CROSBY LOCK WOOD <&• SON'S CATALOGUE. 

ELECTRICITY AS APPLIED TO MINING- By Arnold 
LuPTON, M.Inst.C.E., M.I.Mech.E., M.I.E.E, late Professor of Coal 
Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager ; G. D. Aspinall Parr, M.I.E.E., A.M.I.Mech.E., 
Associate of the Central Technical College, City and Guilds of London, 
Head of the Electrical Engineering Department Yorkshire College, 
Victoria University; and Herbert Perkin, M.I.M.E., Certificated 
Colliery Manager, Assistant Lecturer in the Mining Department of the 
Yorkshire College, Victoria University. Second Edition, Revised and 
Enlarged,medium 8vo, cloth, 300 pp., with about 170 illustrations. Net las. 

Introductory— Dynamic Elkctkicity— Driving of the Dynamo— The Steam Turbinb— 
Distribution of Electrical Energy— Starting and Stopmng Electrical Generators and 
Motors — Electric Cables — Central Electrical Plants — Electricity Appued to 
Pumping and Hauling— Elpxtricity Applied to Coal Cutting— Typical Electric Pi^nts 
recently Erected— Electric Lighting by Arc and Glow Lamps— Miscbli^neousApplica- 
TioNs OF Electricity— Electricity as Compared with other Modes of Transmitting 
Power— Dancers of Electricity. 

** The book U a good attempt to meet a growbg want, and is well worthy of a place in the 
mining engineer's library."— 7"^ EUctricUui, 



ELECTRICITY* A STUDENTS TEXT^BOOK* ByH.M. 

Noad, F.R.S. 650 pp., 470 illustrations. Crown 8vo 95. 



ELECTRICITY, POWER TRANSMITTED BY, AND 

APPLIED BY THE ELECTRIC MOTOR, including Electric Railway 
Construction. By Philip Atkinson, A.M., Ph.D., author of ** Elements 
of Static Electricity." Fourth Edition, Enlarged, Crown 8vo, cloth, 
224 pp., with over 90 illustrations Net 95. 



ELECTRO-PLATING AND ELECTRO-REFINING OF 

METALS. Being a new edition of Alexander Watt's " Electro-De- 
position." Revised and Largely Re- written by Arnold Philip, 
Assoc. R.S.M., B.Sc, A.I.E.E., F.I.C., Principal Assistant to the 
Admiralty Chemist, formerly Chief Chemist to the Engineering Depart- 
ments of the India Office, and sometime Assistant Professor of Electrical 
Engineering and Applied Physics at the Heriot-Watt College, Edinburgh. 
700 pp., with numerous Illustrations, Large Crown 8vo, cloth 

' Net I as. 6d. 



ENGINE-DRIVING LIFE* Stirring Adventures and Incidents 

. in the Lives of Locomotive Engine- Drivers. By Michael Reynolds. 

Third Edition. Crown 8vo, cloth is. 6d. 



ENGINEERING DRAWING- A WORKMAN'S 

MANUAL. By John Maxton, Instructor in Engineering Drawing, 
Royal Naval College, Greenwich. Eighth Edition. 300 Plates and 
Diagrams. Crown 8vo, cloth 3s. 6d. 

" A copy of it should be kept for reference in every drawing office."— £/ff/«r/r^. 
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ENGINEERING ESTIMATES, COSTS, & ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of 
Estimates and Costs of Millwright Work, Miscellaneous Productions, 
Steam Engines and Steam Boilers ; and a Section on the Preparation of 
Costs Accounts. By A General Manager. Second Edition. 8vo, 
cloth las. 

" The information is given in a plain, straightforward manner, and bears throughout evidence of 
intimate practical acquainUnce of the author with every phase of commerciaf engineering.**— 

Mechanical IVcrid, 

ENGINEERING PROGRESS (1863^6)* By Wm. Humber, 

A.M. Inst C.E. Complete in Four Vols. Containing 148 Double Plates, 
with Portraits and Copious Descriptive Letterpress. Imperial 4to, half 
morocco. Price, complete, £ia i38« ; or each volume sold separately at 
£3 35. per Volume. Descriptive List of Contents on application. 

ENGINEER'S AND MILLWRIGHTS ASSISTANT. A 

Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. i8mo cloth 35. 6d. 

" A deservedly popular work. It should be in the ' drawer ' of every mechanic" 

English Meckatiic, 

ENGINEER*S HANDBOOKS A Practical Treatise on Modem 
Engines and Boilers, Marine, Locomotive, and Stationary. And contain- 
ing a large collection of Rules and Practical Data relating to Recent 
Practice in Designing and Constructing all kinds of Engines, Boilers, and 
other Engineering work. The whole constituting a comprehensive Key 
to the Board of Trade and other Examinations for Certificates of Com- 
petency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of "The Works' Manager's 
Handbook for Engineers,** etc With upwards of 420 Illustrations. Sixth 
Edition, Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly 
bound 185. 

" A mass of information Mt down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly gcxxl and well chosen, and is greatly elucidated by 
the illustrations. The book will find its way on to most engine 
one of the most useful books oK x^ivrvaot.**— Practical Engineer. 

"Full of useful i 
English Mechanic* 

ENGINEER'S, MECHANICS, ARCHITECT'S, 
BUILDER'S, ETC^ TABLES AND MEMORANDA. Selected and 
Arranged by Francis Smith. Seventh Edition, Revised, including 
Electrical Tables, FoRMULi*:, and Memoranda. Waistcoat-pocket 
size, limp leather is. dd. 

" The best example we have ever seen of 970 pages of useful matter packed into the dimensions 
of a card-case. " — Building News, 

ENGINEER'S YEAR-BOOK FOR 1907. Comprising For- 
mulse, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kempe, M.InstC.E., 
Principal Staff Engineer, Engineer-in-ChiePs Office, General Post Office, 
London, Author of " A Handbook of Electrical Testing," " The Electrical 
Engineer's Pocket-Book,*' etc. With i,ooo Illustrations, specially 
Engraved for the work. Crown 8vo, 950 pp., leather 

[fust published, Ss. 

" Kemoe s Year- Book really requtres no commendati(»i. Its sphere of usefulness is widely 
known, and it is U!«ed by engineers the world over.** — The Enpneer. ^ 

"The volume is distinctly in advance of roost similar publications in this country." — Engineering, 



the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
>f the most useful books oK x^ivrvaot.**— Practical Enttneer. 
* Full of useful information, and should be found on the office shelf of all practical engineers."— 
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ENGINEMAN'S POCKET COMPANION, and Practical 
Educator for Enginemen, Boiler Attendants, and Mechanics. By 
Michael Reynolds. With 45 Illustrations and numerous Diagrams. 
Fifth Edition. Royal i8mo, strongly bound for pocket wear 35. 6d. 

EXCAVATION (EARTH AND ROCKX A Practical 
Treatise, by Charles Prelint, C.E. 365 pp., with Tables, many 
Diagrams and Engravings. Royal 8vo, cloth Net i6s. 

FACTORY ACCOUNTS* Their Principles and Practice. A 
Handbook for Accountants and Manufacturers. By Garcke E. and 
J. M. Fells. Crown 8vo, cloth 75. 6d. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES* With a 

History of Fire-Engines, their Construction, Use, and Management. 
Hints on Fire- Brigades, &c. By C. F. T. YoUNG, C.E. 8vo, cloth 

£1 4S. 

FOUNDATIONS AND CONCRETE WORKS. With 

Practical Remarks on Footings, Planking, Sand and Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. By E. Dobson. Crown 8vo. 

15. 6d. 

FUEL, ITS COMBUSTION AND ECONOMY- Consisting 

of an Abridgement of "A Treatise on the Combustion of Coal and the 
Prevention of Smoke.*' By C. W. Williams, A.Inst. C.E. With exten- 
sive Additions by D. KiNNEAR Clark, M.Inst. C.E. Fourth Edition. 
Crown 8vo, cloth 35. dd. 

FUELS: SOLID, LIQUID, AND GASEOUS* Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. 
Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 
Great Eastern Railway. Fourth Edition. Crown 8vo, cloth 35. od. 

GAS AND OIL ENGINE MANAGEMENT. A Practical 

Guide for Users and Attendants, being Notes on Selection, Construction 
and Management. By M. Powis Bale, M.InstC.E., M.I.Mech.E., 
Author of "Woodworking Machinery," etc. Second Edition, with an 
additional Chapter on Gas Producers. Crown 8vo, cloth Net 35. 6d. 

Selecting and Fixing a Gas Engine— Pkinciple of Working, etc.— Failures and 
DErECTs— Valves, Ignition, Piston Rings, etc.— Oil Engines— Gas Producers— Rules, 
Tables, etc 

GAS ENGINEER'S POCKET-BOOIL Comprising Tables, 
Notes and Memoranda relating to the Manufacture, Distribution, and 
Use of Coal Gas and the Construction of Gas Works. By H. O'Connor, 
A.M. Inst. C.E. Third Edition, Revised. Crown 8vo, leather 

[fust publtsked. Net los. 6d. 

" The book contains a vast amount of infonnation." — Gas World, 

GAS-ENGINE HANDBOOKS A Manual of Useful Information 
for the Designer and the Engineer. By E. W. Roberts, M.E. With 
Forty Full-page Engravings. Small F'cap. 8vo, leather Net 85. 6d» 
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GAS-ENGINES AND PRODUCER^GAS PLANTS* A 

Treatise setting forth the Principles of Gas Engines and Producer 
Design, the Selection and Installation of an Engine, the Care of Gas 
Engines and Producer-Gas Plants, with a Chapter on Volatile Hydro- 
carbon and Oil Engines. By R. E. Mathot, M.E. Translated from 
the French. With a Preface by Dugald Clerk, M.Inst. C.E., F.C.S. 
Medium 8vo, cloth, 310 pages, with about 150 Illustrations Net las. 

Motive Power amd Cost of Installation— Selectiom of an Engine— Installation 
OF an Encikk— Foundation and Exhaust— Water Circulation— Lubrication— Conditions 
OF Perfect Operation— How to Start an Engine— Precautions— Perturbations in the 
Operation of Engines— Producer-Gas Engines— Produckr-Gas— Pressure Gas-Producers 
—Suction Gas-Producers— Oil and Volatile Hydrocarbon Engines— The Selection 
OF AN Engine. 

GAS ENGINES* With Appendix describing a Recent Engine with 
Tube Igniter. By T. M. Goodeve, M.A. Crown 8vo, cloth as. 6d. 

GAS MANUFACTURE, CHEMISTRY OR A Practical 

Manual for the Use of Gas Engineers, Gas Managers and Students. By 
Harold M. Royle, F.C.S., Chief Chemical Assistant at the Beckton 
Gas Works. Demy 8vo, cloth. 340 pages, with numerous Illustrations 
and Coloured Plate [Just published. Net las. 6d. 

Preparation of Standard Solutions— Analysis of Coals— Description of Various 
Types of Furnaces — Products of Carbonisation at Various Temperatures — Analysis of 
Crude Gas— Analysis of Lime— Analysis of Ammoniacal Liquor— Analytical Valuation 
of Oxide of Iron — Estimation of Naphthai.in— Analysis ok Firr-Bricks and Fire-Clay 
— Art of Photomktry— Carburetted Water Gas -Appendix containing Statutory and 
Oi-FiciAL Regulations for Testing Gas, Valuable Excerpts from various important 
Papers on Gas Chemistry, Useful Tables, Memoranda, etc. 

GAS WORKS* Their Construction and Arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. HUGHES, C.E. Ninth 
Edition. Revised, with Notices of Recent Improvements, by Henry 
O'Connor, A,M.Inst.C.E. Crown 8vo, cloth 6«. 

GEOMETRY. For the Architect, Engineer, and Mechanic. By 
E. W. Tarn, M.A., Architect. 8vo, cloth 9*. 

GEOMETRY FOR TECHNICAL STUDENTS- By E. H. 

Sprague, A.M.Inst.C.E. Crown 8vo, cloth Net is. 

GEOMETRY OF COMPASSES. By Oliver Byrne. Coloured 
Plates. Crown 8vo, cloth 35. 6d. 

HEAT, EXPANSION OF STRUCTURES BY. By John 

Keily, C.K. Crown 8vo, cloth 3s. 6d. 

HOISTING MACHINERY. Including the Elements of Crane 
Construction and Descriptions of the Various Types of Cranes in Use. 
By Joseph Horner, A.M.I.M.E. Crown 8vo, cloth, with 215 Illustra- 
tions, including Folding Plates Net 7s. 6d. 

HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and 
Field Operations. By Lowis D'A. Jackson. Fourth Edition, Enlarged. 
Large Crown 8vo, cloth 16s. 
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HYDRAUUC POWER ENGINEERING. A Practical 

Manual on the Concentration and Transmission of Power by Hydraulic 
Machinery. By G. Croydon Marks, A.M.InstC.E. Second Edition, 
Enlarged, with about 240 Illustrations. 8vo, cloth ... Net io5. 6d. 

SUMMARY OF CONTENTS :— Principles of Hydraulics-The Flow op Water- 
Hydraulic Pressures -BpIaterial— Test Load— Packing por Sliding Si'rpaces— Pipe Joints 
— Controlling Valves— Platform Lifts- Workshop and Foundry Cranks— Warehouse 
AND Dock Cranes— Hydraulic Accumulators— Presses for Baling and othir Purposes — 
Sheet Metal Working and Forging Machinery— Hydraulic Riveters— Hand and Power 
Pumps- Steam Pumps— Turbinps—Impume Turbines— Reaction Turbines- Design of 
Turbines in Detail— Water Wheels— Hydraulic Engines— Recent Achievements — 
Pressure op Water— Action op Pumps, etc. 

"Can be unhesitatingly recommended as a UKefnl and up-to*date manual on hydraulic trans* 
mission and utilisation oi'^^ntxy— Mechanical World, 

HYDRAULIC TABLES, CO^EFFICIENTS, AND 

FOIUiAULiE. For Finding the Discharge of Water from Orifices, 
Notches, Weirs, Pipes, and Rivers. With New Formulae, Tables, and 
General Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, C.E., 
M.R.I.A. Third Edition, Revised, with additions. Numerous Illustra- 
tions. Crown 8vo, cloth 148* 

IRON AND METAL TRADES COMPANION. For Ex- 

peditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt to II2J. per cwL, and from one farthing per 
pound to one shilling per pound. By Thomas Dowxie. Strongly 
bound in leather, 396 pp 95. 

IRON AND STEEL A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for 
Ironmasters and their Stock-takers ; Managers of Bar, Rail, Plate, and 
Sheet Rolling Mills ; Iron and Metal Founders ; Iron Ship and Bridge 
Builders ; Mechanical, Mining, and Consulting Engineers ; Architects, 
Contractors, Builders, etc. By Charles Hoare, Author of "The 
Slide Rule," etc Ninth Edition. 32mo, leather 6s. 

IRON AND STEEL CONSTRUCTIONAL WORK, as 

applied to Public, Private, and Domestic Buildings. By Francis 
Campin, C.E. Crown 8vo, cloth ' 3s. 6d. 

IRON AND STEEL GIRDERS. A Graphic Table for FacUi- 
tating the Computation of the Weights of Wrought Iron and Steel 
Girders, etc, for Parliamentary and other Estimates. By J. H. Watson 
Buck, M.InstC.E. On a Sheet a^ 6d. 

IRON^PLATE WEIGHT TABLES. For Iron Shipbuilders, 
Engineers, and Iron Merchants. Containing the Calculated Weights of 
upwards of 150,000 different sizes of Iron Plates from i ft by 6 in. by 
\ in. to 10 ft. by 5 ft. by i in. Worked out on the basis of 40 lbs. to the 
square foot of Iron i in. in thickness. By H. Burlinson and W. H. 
Simpson. 4to, half-bound £1 55. 
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IRRIGATION (PIONEER)* A Manual of Information for 
Farmers in the Colonies. By E. O. Mawson, M.Inst.C.E., Executive 
Engineer, Public Works Department, Bombay. With Chapters on Light 
Railways by E. R. Calthrop, M.InstC.E., M.I.M.E. With Plates and 
Diagrams. Demy 8vo, cloth ^ Net ids. 6d. 

Valub op Irrigation, and Sources op Water Supply— Dams and Weirs— Canals- 
Underground Water— Methods op Irrigation— Sewage Irrigation— Imperial Automatic 
Sluice Gates— The Cultivation op Irrigated CROfs, Vegetables, and Fruit Trees- 
Light Railways por Heayy Trappic— Usepul Memoranda and Data. 

LATHE PRACTICE* A Complete and Practical Work on the 
Modem American Lathe. By Oscar E. Perrigo, M.E., Author of 
" Modem Machine Shop Construction, Equipment, and Management," 
etc. Medium 8vo, 424 pp., 3<5 illustrations. Cloth. 

[Just published. Net IJS. 
History op the Lathe up to the Introduction op Screw Threads— Its Development 
SINCE the Introduction op Screw Threads— Classipication op Lathes— Lathe Design : 
THE Bed and its Supports— The Head-Stock Casting, the Spindle, and Spindle-cone— The 
Smndle Bearings, the Back Gears, and the Tkiple>Gear Mechanism— The Tail Stock, 
the Carriage, the Apron, etc.— Turning Rests, Supporting Rests, Shaff Straighten ers, 
ETC.- Lathe Attachments- Rapid Change Gear Mechanisms— Lathe Tools, Highspeed 
Steel, Speeds and Feed«, Power por Cutting Tools, etc.— Testing a Lathe— Lathe Work 
—Engine Lathes— Heavy Lathes— High-speed Lathes— Special Lathes — Regular Turret 
Lathes— Special Turret Lathes— Electrically-driven Lathes. 

LATHE'-'WORK* A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Hasluck. 
Eighth Edition. Crown 8vo, cloth 58. 

" We can safely recommend the work to younf( engineers. l*o the amateur it will simply be 
inYrflumble." — Engingtr. 

LAW FOR ENGINEERS AND MANUFACTURERS* 

See Every Man's Own Lawyer. A Handybook of the Principles of 
Law and Equity. By a Barrister. Forty-fourth (1907) Edition, Revised 
and Enlarged, including Abstracts of the Legislation of 1906 of especial 
interest to Engineering Firms and Manufacturers, such as the Work- 
men's Compensation Act, 1906 ; the Prevention of Corruption Act, 1906 ; 
the Trades Disputes Act, 1006 ; the Merchant Shipping Act, 1906 ; the 
Marine Insurance Act, 1906, and many other recent Acts. Large crown 
8vo, cloth, 838 pages [Just published. Net 6s. Sd. 

" No Englishman ought to be without this book " — EngiHeer. 

"Ought to be in every business establishment and all libnut^'^^S/ufileU Post, 

" It is a complete code of English laur written in plain language, which all can understand. . . . 
Should be in the hands of every business roan, and all who wi^ to abolish lawyers' bills.*' — Weekly 
Ti$tus, 

"A useful and concise epitome of the law; compiled with considerable care.*'— £dfc; Ma^asine, 

LEVELLING, PRINCIPLES AND PRACTICE OF* Showing 

its Application to Purposes of Railway and Civil Engineerinf^ in the Con- 
struction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, M.InstC.E. Ninth Edition, with Law's 
Practical Examples for Setting-out Railway Curves, and Trautwine'S 
Field Practice of Laying-out Circular Curves. With seven Plates and 
numerous Woodcuts. 8vo 88. 6d. 

" The publishers hav^ rendered a substantial service to the profession, especially to the younger 
members, by brinsing out the present edition of Mr. Simm's useful work,"—£M£it$4en'Hg. 

LOCOMOTIVE ENGINE* The Autobiography of an old Loco- 
motive Engine. By Robert Weatherburn, M.LM.E. With Illus- 
trations and Portraits of George and Robert Stephenson. Crown 
8vo, cloth Net23.6d. 
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LOCOMOTIVE ENGINE DEVELOPMENT* A Popular 
Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1903. By Clement C. Stretton, C.E. Sixth 
Edition, Revised and Enlarged. Crown 8vo, cloth ... AV/ 4^ 6d- 

LOCOMOTIVE ENGINE DRIVING* A Practical Manual for 
Engineers in Charge of Locomotive Engines. By Michael Reynolds, 
M.S E. Twelfth Edition. Crown Svo, cloth, 35. 6d. ; cloth boards 

45. 6d. 

LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By 
G. D. Dempsey, C.E. With large additions treating of the Modern 
Locomotive, by D. K. Clark, M.Inst. Ct. With Illustrations. Crown 
Svo, cloth \ 3«* 

LOCOMOTIVE (MODEL) ENGINEER, Fireman and Engine- 
boy. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. Crown Svo, 
cloth, 35. 6d. ; cloth boards 4s. 6d. 

MACHINERY, DETAILS OF* Comprising Instructions for 
the Execution of various Works in Iron in the Fitting Shop, Foundr\', 
and Boiler Yard. By Francis Campin, C.E. Crown Svo, cloth 3*- 

( MACHINE SHOP TOOLS. A Practical Treatise describing in 
every detail the Construction, Operation and Manipulation of both Hand 
and Machine Tools ; being a work of Practical Instruction in all Classes 
of Modem Machine Shop Practice, including Chapters on Filing, 
Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; 
the L^the and its Tools ; Planers, Shapers and their Tools ; Milling 
Machines and Cutters ; Gear Cutters and Gear Cutting ; Drilling 
Machines and Drill Work ; Grinding Machines and their Work ; 
Hardening and Tempering, Gearing, Beltine, and Transmission 
Machinery ; Useful Data and Tables. By W. H. Van Dervoort, M.E. 
Illustrated by 673 Engravings. Meditmi Svo Net Jis. 

MAGNETOS FOR AUTOMOBIUSTS : How made and How 
used. A handybook on their Construction and Management. By S. R. 
BOTTONE. Crown Svo, cloth \^Ju5t published. Net ^s. 

MARINE ENGINEERING* An Elementary Manual for Young 
Marine Engineers and Apprentices. By J. S. Brewer. Crown Svo, 
cloth 15. 6d. 

MARINE ENGINEER'S GUIDE to Board of Trade Examina- 
tions for Certificates of Competency. Containing all Latest Questions 
to Date, with Simple, Clear, and Correct Solutions ; 302 Elementary 
Questions with Illustrated Answers, and Verbal Questions and Answers ; 
complete Set of Drawings with Statements completed. By A. C. Wannan, 
C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., Certifi- 
cated First Class Marine Engineer. With numerous Engravings. 
Fourth Edition, Enlarged. 500 pages Large Crown Svo, cloth 

Net I OS, 6d. 
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MARINE ENGINEER'S POCKET-BOOK. Conuining latest 
Board of Trade Rules and Data for Marine Engineers. By A. C. W ANN an. 
Fourth Edition, Revised, Enlarged, and brought up to Date. Square 
I Smo, with thumb Index, leather 5s. 

MARINE ENGIISTES AND BOILERS* Their Design and 
Construction. A Handbook for the Use of Students, Engineers, and 
Naval Constructors. Based on the Work " Berechnung und Konstruktion 
der Schiffsmaschinen und Kessel," by Dr. G. Bauer, Engineer-in-Chief 
of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second 
German Edition by E. M. DoNKiN and S. Bryan Donkin, A.M.I.C.E. 
Edited by Leslie S. Robertson, Secretary to the Engineering Standards 
Committee, M.I.C.E., M.I.M.E., M.I.N.A., Etc. With numerous Illus- 
trations and Tables. Medium 8vo, cloth Neti^s. 

SUMMARY OF CONTENTS :-PART I. MAIN ENGINES: Determination of 
Cylinder Dimensions— The Utilisation of Steam in the Engine— Stroke of Piston- 
Number OF Rkvoh/tions — Turning Moment— Balancing of the Moving Parts— Arrawje- 
MENT OF Main Engines - Details of Main Engines— The Cylinder— Valves — Various 
Kinds of Valve Gear— Piston Rods— Pistons— Connecting Rod and Crosshead— Valve 
Gear Rods— Bed Plates — Engine Columns— Reversing and Turning Gear. PART II. 
PUMPS: Air, Circulating Feed, AND Auxiliary Pumps. PART III.: SHAFTING, RE- 
SISTANCE OF SHIPS, PROPELLERS: Thrust Shaft and Thrust Block-Tunnel 
Shafts and Plummer Blocks — Shaft Couplings — Stern Tube — The Screw Propeller — 
Construction of the ^CRKW. PART IV. PIPES AND CONNECTIONS: General 
Remarks, Flanges, Valves, etc— Under-water Fittings— Main Steam, Auxiliary Steam, 
AND Exhaust Piping— Feed Water, Bilge, Ballast and Circulating Pipes. PART V. 
STEAM BOILERS: Firing and the Generation of Steam— Cylindrical Boilers- 
Locomotive Boilers— Watkr-Tube Boilers— Small Tube Water-Tube Boilers— Smoke 
Box — Funnel and Boiler Lagging— Forced Draught — Boiler Fittings and Mountings. 
PART VI. MEASURING INSTRUMENTS. PART VIL VARIOUS DETAILS: Bolts, 
Nuts, Screw Threads, etc.— Platforms, Gratings. Ladders— Foundations— Seatings — 
Lubrication— Ventilation of Engine Rooms— Rules for Spare Gear. PART VIII. 
ADDITIONAL TABLES. 

*' This handsome volume contains a comprehensive account of the desi^ and construction of 
modem marine engines and boilers. Its arrapgement is excellent, and the numerous illustrations 
represent recent practice for all classes of warships and vessels of the mercantile marine. His position 
as Engineer-in-Chief of the great Vulcan Works at Stettin gave the author special facilities for 
selecting illustrations from the practice of that firm, which has built many of the swiftest types of 
steamships for both war and commerce. Other German firms and the German Admiralty have been 
equally generous in contributing information, while a large proportion of the Illustrations is drawn 
from English tecbnicaljournals and the proceedings of our engineering societies. American practice 
is also represented. The compilation has been laborious, no doubt, but it constitutes a valuable 
book of reference and a treasury of information. The English editor and his assistants have done 
their work well, both in translation and in the conversion of metric to English measures." — The Times. 

MARINE ENGINES AND STEAM VESSELS- By 

R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions 
by the Author and by GEORGE Carlisle, C.E. Crown 8vo, cloth 

45. 6d. 

MASONRY DAMS FROM INCEPTION TO COM^ 

PLETION. Including numerous Formulae, Forms of Specification and 
Tender, Pocket Diagram of Forces, etc. For the use of Civil and Mining 
Engineers. By C. F. Courtney, M.Inst.CE. 8vo, cloth ... 9s. 

MASTING, MAST^MAKING, AND RIGGING OF 

SHIPS. Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and 
Hemp Ropes, etc, relative to every class of vessels. By R. Kipping. 
Crown 8vo, cloth 35. 

MATERIALS AND CONSTRUCTION. A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of 
Construction. By F. Campin. Crown 8vo, cloth 35. 
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MATERIALS, A TREATISE ON THE STRENGTH OF. 

By P. Barlow, F.R.S., P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. Edited by Wm. Humber, A.M.lnst.C.£. 8vo, cloth ... iSs. 

'*Tbe sundard treatise oo that particular subject." — Emgimttr, 

MATHEMATICAL TABLES* For Trigonometrical, Astrono^ 
mical, and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms, by H. Law, C.E. With Tables for Navigation and Nautical 
Astronomy. By Prof. J. R. YoUNG. Crown 8vo, cloth 4s* 

MECHANICAL ENGINEERING- Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical 
Manipulation, Manufacture of the Steam Engine, etc. By Francis 
Campin, C.E. Third Edition. Crown 8vo, cloth js. 6d» 

MECHANICAL ENGINEERING TERMS- LOCKWOOD'S 

DICTIONARY. Embracing terms current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, etc. 
Comprising upwards of 6,000 Definitions. Edited by J. G. Horner, 
A.M.I.M.E. Third Edition, Revised, with Additions. Crown 8 vo, cloth. 

Net 75. 6d* 

MECHANICAL ENGINEER'S COMPANION- Are^s, 

Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
squares, cubes, roots, etc. ; Strength of Bolts, Weight of Iron, etc ; 
Weights, Measures, and other Data. Also Practical Rules for Engine 
Proportions. By R. Edwards, M.Inst.C.E. Pcap. 8vo, cloth 35. 6d- 

MECHANICAL ENGINEER'S POCKET^ BOOK* Com- 

prising Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily use in Enj^ineering Practice. By D. Kinnear Clark, 
M.Inst.C.E., Sixth Edition, thoroughly Revised and Enlarged. By 
H. H. P. PowLES, A.M.Inst.C.E., M.I.M.E. Small 8vo, 700 pp.. Leather. 

[Just published. Net 6s. 
Mathrxiatical Tables— MBA5URBMKNT or Surfaces and Solids— English Weights 
AND Measures— French Metric Weights and Measures— Foreign Weights and Msasurss 
— Moneys— 'Specikic Gravity, Weight, and Volume— Manufactured Metals— Steel Pipes 
—Bolts and Nuts— Sundry Articles in Wrought and Cast Iron, Copper, Brass, Lead, 
Tin, Zinc— Strength of Materials — Strength o? Timber— Strength of Cast Iron- 
Strength OF Wrought Iron— Strength of Steel — Tensile Strength ok Copper, Lead 
ETC— Resistance of Stones and Other Building Materials— Riveted Joints in Boiler 
Plates — Boiler Shells— Wire Ropes and Hemp Ropes — Chains and Chain Cables- 
Framing — Hardness of Metals, Alloys, and Stones —Labour of Animals— Mechanical 
Principles— Gravity and Fall of Bodies — Accelerating and Retarding Forces — Mill 
Gearing, Shafting, etc. — Transmission of Motive Power — Heat — Combustion: Fuels- 
Warming, Ventilation, Cooking Stoves— Steam— Steam Engines and Boilers— Railways 
—Tramways— Steam Ships— Pumping Steam Engines and Pumps — Coal Gas— Gas Engines, 
ETC — Air in Motion— Compressed Air — Hot-Aik Engines —Water Power — Speed of 
CuTfiNG Tools— Colours— Electrical Engineering. 

" It would be found difficult to compress more matter within a similar compast, or produce a book 
of 700 pages which shotUd be more compact or convenient for |>ocket reference .... Will be 
appreciated by mechanical enKineers of all cXassiti.'^— Practical Engiiutr. 

MECHANICAL ENGINEER'S REFERENCE BOOK* For 

Machine and Boiler Construction. By Nelson Foley, M.I.N.A. 
New Edition, Revised throughout and much Enlarged. To be issued 
in parts. [In Preparation, 

" Mr. Foley is well fitted to compile such a work. The diagrams are a Kt^X feature of the work. 
It may be stated thtt Mr. Foley has produced a volume which will undoubtedly fulfil the desire oi 
the author and become indispensable to all mechanical engineers." — Marine Enginttr. 

" We have carefully examined this work, and pronounce it a most excellent reference book for 
the use of marine tngxn^txt."— Journal 0/ American Hocicty 0/ Naval Enginetrs, 
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MECHANICAL HANDUNG OF MATERIAL A Treatise 
on the Handling of Material such as Coal, Ore, Timber, etc, by 
Automatic or Semi-Automatic Machinery, together with the Various 
Accessories used in the Manipulation of such Plant, and Dealing fulhr 
with the Handling, Storing, and Warehousing of Grain. By G. F. 
ZiMMER, A.M.Inst.C.£. 528 pp. Royal 8vo, cloth, with 550 Illustrations 
(including Folding Plates) specially prepared for the Work ... Net J55. 

"It is an essentially practical work written by a practical man, who is not only thorou|;hly 
acquainted with his subject theoretically, but who also has the knowledge that can only be obutned 
by actual experience in working and planning installations for the mechanical handling of raw 
material." — The Times. 

MECHANICS* Bemg a concise Exposition of the General Principles 
of Mechanical Science and their Applications. By C. Tomlinson, 
F.R.S. Crown 8vo, cloth 15. 6d. 

MECHANICS CONDENSED* A Selection of Formulae, Rules, 
Tables, and Data for the Use of Engineering Students, etc. By 
W. G. C. Hughes, A.M.I.C.E. Crown 8vo, cloth js. 6d. 

MECHANICS OF AIR MACHINERY* By Dr. J. Wiesbach 
and Prof. G. Herrmann. Authorised Translation with an Appendix on 
American Practice by A. Trowbridge, Ph.B., Adjunct Professor of 
Mechanical Engineering, Columbia University. Royal 8vo, cloth 

Net 185. 

MECHANICS* WORKSHOP COMPANION* Comprising 

a great variety of the most Useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results 
for Facilitating Mechanical Operations. By William Templeton, 
Author of " The Engineer's Practical Assistant," etc, etc. Eighteenth 
Edition, Revised, Modernised, and considerably Enlarged by W. S 
HUTTON, C.E., Author of "The Works' Manager's Handbook," etc. 
F'cp. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Diagrams, 
leather 55. 

*'Thi« well-known and largely-used book contains information, brought up to date, of the sort 
so useful to the foreman and draughtsman. So much fresh information has been introduced as to 
constitute it practically a new hook."— AfecAam'cai ii^orld. 

MECHANISM AND MACHINE TOOLS* By T. Baker, 

C.E. With Remarks on Tools and Machinery by J. Nasmyth, C.E. 
Crown 8vo, cloth js. 5^1. 

MENSURATION AND MEASURING* With the Mensura- 
tion and Levelling of Land for the Purposes of Modern Engineering 
By T. Baker, C.E. New Edition by E. Nugent, C.E. Crown 8vo* 
cloth ,5. 6^; 

METAL ^TURNING* A Practical Handbook for Engineers, 
Technical Students, and Amateurs. By Joseph Horner, A.M.I.Mech.E., 
Author of " Pattern Making," etc. Large Crown 8vo, cloth, with 488 

Illustrations [lust published. Net 05. 

Summary ok Contbnts:— I wTRODucnoN— Relations op Turnbry and Machine Shop- 
Sec I. The Lathe, its Work and Tools- Forms and Functions of Tools— Remarks on 
Turning in General— Sec. II. Turning between Centrbn— Centring and Driving— Use of 
Steadies -Examples of Turning Involving Liningk)Ut for Centres— Mandrel Work- 
Sec III. Work supported at One End— Face Plate Turning— Angle Plate Turning- 
Independent Jaw Chucks Concentric, Universal. Toggle, and Applied Chucks— Sec IV 
Internal Work— Drilling, Boring, and Allied Operations— Sec. V. Screw Cuttikgs'and 
Turret Work— Sec VI. Miscellaneous— Special Work— Measurement, Grinding- Tool 
Holders- Speed and Feeds, Tool Stkels— Steel Makers' Instructions. 
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METRIC TABLES* In which the British Standard Measures and 
Weights arc compared with those of the Metric System at present in 
Use on the Continent By C. H. Dowling, C.E. 8vo, cloth los. 6d. 

MILLING MACHINES: their Design, Construction, and Woik- 
ing. A Handbook for Practical Men and Engineering Students. 
By Joseph Horner, A.M.I. Mech.E., Author of "Pattern Making," 
etc. With 269 Illustrations. Medium 8vo, cloth ... Net lis. 6d. 

Leading Elements of Milling Machine Design and Cokstkuction — Plain and 
Universal Machines— Attachments and Bracings— Vertical Spindles Machines— Pla no- 
Millers OR Slabbing' Machines— Special Machines — Cutters — Milling Operations- 
Indexing, Spiral Work, and Worm, Splr, and Bevel Gears, etc.— Spur and BEVkL Gears 
— Feeds and m-eiiDS. 

MOTOR CARS FOR COMMON ROADS- By A. J. Wallis- 

Tavler, a. M.Inst. C.E. 212 pp., with 76 Illustrations. Crown 8vo, 
cloth 45. 6d. 

MOTOR VEHICLES FOR BUSINESS PURPOSES* A 

Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. Wallis-Tayler, A.M.lnstC.t. With 134 Illus- 
trations. Demy 8vo, cloth Net 9s* 

NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK, Of Formulae, Rules, and Tables, and Marine 
Engineer's and Surveyor's Handy Book of Reference. By Clement 
Mackrow, M.I.N.A. Ninth Edition. F'cap., leather Net 125. 6d. 

Signs and Symbols, Decimal Fractions — Trigonometry— Pkactical Geometry — 
Mensuration — Centres and Moments of Figures — Moments ok Inertia and Radii 
Gyration — Algebraical Expressions for Simpson's Rules — Mechanical Principles- 
Centre OK Gravity — Laws ok Motion — Displacement, Centre ok Buoyancy — Centre 
OK Gravity ok Ship's Hull — Stability Curves and Metacentres— Sea and Shallow- 
water Waves— Rolling ok Ships— Propulsion ano Resistance ok Ve.ssels — Speed Triau^ — 
Sailing, Centre ok Ekkort— Distances down Rivers, Coast Lines— Steering and Rudders 
OK Vessels— Launching Calculations and Velocities — Weight ok Material and Gear 
— Gun Particulars and Wei«;ht — Standard Gauges — Riveted Joii^ts and Riveting — 
Strength and Tests ok Materials — Binding and Shearing Stresses — Strength ok 
Shakting, Piilars, Wheeus, etc.— Hydraulic Data, etc.— Conic Sections, Catenarian 
Curves — Mechanical Powers, Work — Board ok Trade Regulations for Boilers and 
Engines— Board ok Trade Regulations kor Ships — Lloyds Rules kor Boilers — Lloyd's 
Weight ok Chains— Lloyd's Scantlings kor Ships — Data ok Engines and Vessels— Ships* 
Fittings and Tests— Seasoning Preserving Timber— Measurement of Timber— Alloys, 
Paints, Varnishes— Data for Stowage— Admiralty Transport Regulations — Rules for 
Horse-power, Screw Propellers, etc. — Percentages toh Butt Straps— Particulars of 
Yachts— Masting and Rigging — Distancesof Foreign Ports— Tonnage Tables— Vocabulary 
OF French and English Terms — English Weights and Measures— Foreign Weights and 
Measures— Decimal Equivalents— Useful Numbers— Circular Measures- Areas of and 
Circumferences ok Circles— Areas of Segments of Circles — Tables of Squares and Cubes 
AND Roots of Numbers — Tables of Logarithms of Numbers — Tables of Hyperbolic 
Logarithms — Tables of Natural Sines, Tangents — Tables of Logarithmic Signs, 
Tangents, etc. 

" In these days of advanced knowledge a work like this is of the greatest value. It contains a 
vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed, ^o naval architect, engineer, surveyor, seaman, wood 
or iron shipbuilder, can aflbrd to be without this work." — Nautical Magatint. 

NAVAL ARCHITECTURE. An Exposition of the Elementary 
Principles. By J. Peake. Crown 8vo, doth 3s. 6d. 

NAVIGATION AND NAUTICAL ASTRONOMY* In 

Theory and Practice. By Prof. J. R. Young. Crown 8vo, cloth J5. 6d. 

"A very complete, thorough, and useful manual for the young navigator.*' — Obstrxtatory, 
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NAVIGATION, PRACTICAL Consisting of the Sailor's Sea 
Book, by J. GREENWOOD and W. H. Rosser ; together with Mathe- 
matical and Nautical Tables for the Working of the Problems, by 
H. Law, C.E., and Prof. J. R. Young 75. 

PATTERN MAKING. Embracing the Main Types of 
Engineering Construction, and including Gearing, Engine Work, 
Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts, 
Pumps and Cocks, the Mouldmg of Patterns in Loam and Greensand, 
Weight of Castings, etc. By J. G. HoRNER, A.M.I.M.E. Third Edition, 
Enlarged. With 486 Illustrations. Crown 8vo, cloth ... Net 7s. 6d. 

".\ well- written techn'cal euide, evidently written by a man who understands and has practised 
what he has written about."— ^«/7t^*r. 

PATTERN MAKING. A Practical Work on the Art of Making 
Patterns for Engineering and Foundry Work, including (among other 
matter) Materials and Tools, Wood Patterns, Metal Patterns, Pattern 
Shop Mathematics, Cost, Care, etc., of Patterns. By F. W. Barrows. 
Fully Illustrated by Engravings made from Special Drawings by the 

Author. Crown 8vo, cloth Net 6s, 

Pattern Makers akd Pattern Making — Materials and Tooi-s— Examilks ok Pattern 
Work— Metal Patterns— Pattern Shop Mathematics— Cost, Care, and Inventory op 
Patterns— Marking and Record of Patterns -Pattern Accounts. 

PIONEER ENGINEERING* A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By E. Doeson, M.Inst.C.E. Second Edition. Crown 8vo, 
cloth ... ... ... ... 45. 6d. 

PNEUMATICS. Including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S. 
Crown 8vo, cloth is. 6d. 

PUMPS AND PUMPING. A Handbook for Pump Users. Being 
Notes on Selection, Construction, and Management. By M. Powis 
B.\LE, M.TnstC.E., M.I.Mech.E. Fifth Edition. Crown 8vo, cloth 

38. 6d. 

" The matter is set forth as conciiely as possible. In fact, condensation rather than diflTuseness 
has been the author's aim throughout ; yet he does not seem to have omitted anything likely to be of 
yx&t." —I oumal 0/ Gas Lighting;. 

PUNCHES, DIES, AND TOOLS FOR MANUFACTURE 
ING IN PRESSES. By Joseph V. Woodworth. Medium 8vo, cloth, 

482 pages with 700 Illustrations [fust published. Net i6s. 

Simple Brnding and Forming Dibs, their Construction, Use and Operation— Intri. 
CATE Combination, Bending and Forming Dies, for Accurate and Rapid Production- 
Automatic Forming, Bending AND Twisting Dies and Punches, for Difficult and Novel 
Shaping— Cut, Carry and Follow Dies, together with Tool Combinations for Progrfssivb 
Sheet Metal Working— Notching, Perforating and Piercing Punches, Dies and Tools- 
Composite, Sectional, Compound and Armature Disk and Segment Punches and Dies — 
Processes and Tools for Making Rifle Cartridges, Cartridge Cases of Quick-firing Guns, 
and Nickel Bullet Jackets— The Manufacture and Use of Dies for Drawing Wire and 
Bar Steel— Pens, Pins, and Needles, their Evolution and Manufacture— Punches, Dies, 
and Processes for Making Hydraulic Packing Leathers, together with Tools for Paint 
AND Chemical Tablets— Drawing, Re-Drawing, Reducing, Flanging, Forming, Reversing, 
AND Cupping Processes, Punches and Dies for Circular and Rectangular and Sheet> 
Metal Articles— Beading, Wiring, Curling and Seaming Punches and Dies for Closing 
AND Assembling of Metal Parts— Jewellery Die- Making, Eve-Glass, Lens and Medal 
Dies, and Construction o* Spoon and Fork-Making Tools —Design, Construction and Use 
OF Sub-Presses and Sub-Press Dies for Watch and Clock Work and Accurate Piercing 
AND Punching— Drop Forging and Die-Sinking, together with ftfAKiNG of Drop Dies, 
Steam-Hammer Dies, Number-Plate Tooi-s and Dies for Bolt Machines— Methods, 
Designs, Ways, Kinks, Formulas and Tooi^ for Special Work, together with Miscellaneous 
Information op value to Tool and Die-Makers and Sheet-Metal Goods Manufacturers- 
Special AND Novel Processes, Presses and Feeds for Working Sheet Metal in Dies. 



Digitized by LjOOQIC 



22 CROSBY LdCA'fVOOD (t SON'S CATALOGUE. 



RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested 
in Works of Reclamation. By A. Beazeley, M.Inst.C.E. 8vo, cloth 

Net I OS. 6d. 

"The work contains a great deal of practical and useful information which cannot fail to be of 
service to engineers entrusted with the enclosure of salt mar&hes, and to landowners intending to 
reclaim land from the sea." — The Enginetr, 

REFRIGERATING AND ICE^MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-making Installations, and others. By A. J. Wallis-Tayler, 
A.M.Inst.C.E. Third Edition, Enlarged. Crown 8vo, cloth 75, 6d. 

" May be recommended as a lueful description of the machinery, the processes, and of the facts, 
figures, and tabulated physics of refrigerating. '—Bnginttr. 

REFRIGERATION AND ICE^MAKING POCKET-BOOK* 

By A. J. Wallis-Tayler, A.M.InstC.E., Author of "Refrigerating and 
Ice-making Machinery," etc Fourth Edition. Crown 8vo, cloth 

Nei 3S. 6d. 

REFRIGERATION, COLD STORAGE, AND ICE^ 

MAKING. A Practical Treatise on the Art and Science of Refrigera- 
tion. By A. J. Wallis-Tayler, A.M.Inst.C.E., Author of" Refrigerat- 
ing and Ice-Making Machinery.'' 600 pp., with 360 Illustrations. Medium 
8vo, cloth Net 155. 

"The author' has to be congratulated on the completion and production of such an important 
work, and it cannot fail to have a large body of readers, for it leaves out nothing that would in any 
way be of value to those interested in the subject. "—5'/miwMx>. 

RIVER BARS* The Causes of their Formation, and their Treat- 
ment by " Induced Tidal Scour" ; with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J. Mann, Assist. 
Eng. to the Dublin Port and Docks Board. Royal 8vo, cloth 75. 6d. 

" We recommend all interested in harbour works — and, indeed, those concerned in the improve> 
ments of rivers generally— to read Mr. Mann's interesting yiorV."—EHfiH€er. 

ROADS AND STREETS* By H. Law, C.E., and D. K. Clark, 
C.E. Revised, with Additional Chapters by A. J. Wallis-Tayler, 
A.M.Inst.C.E. Seventh Edition. Crown 8vo, cloth 6s, 

" A book which every borough surveyor and engineer must poa<;ess, and which will be of con- 
siderable service to architects, builders, and property owners gtntxaXXy.**— Building Nems, 

ROOFS OF WOOD AND IRON» Deduced chiefly from the 
Works of Robison, Tredgold, and Humber. By E. W. Tarn, M.A., 
Architect. Fifth Edition. Crown 8vo, cloth is. 6d. 

SAFE RAILWAY WORKING* A Treatise on RaUway Acci- 
dents, their Cause and Prevention ; with a Description of Modem Appli- 
ances and Systems. By Clement E. Stretton, C.E. Third Edition, 
Enlarged. Crown 8vo, cloth 35. 6d. 

SAFE USE OF STEAM* Containing Rules for Unprofessional 
Steam Users. By an Engineer. Eighth Edition. Sewed ... 6d. 

"If steam-iisers would but learn this little book by heart, boiler explosions would become 
sensations by their n^'xty.*'— English Mechanic, 
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SAILMAKING* By Samuel B. Sadler, Practical Sailmaka*, lale 
in the employment of Messrs. Ratsey and Lapthome, of Cowes and 
Gosport. Second Edition, Revised and Enlarged. Plates. 4to, cloth 

Net 138. 6d. 

SAILOR^S SEA BOOK« A Rudimentary Treatise on Navigation. 
By James Greenwood, B.A. With numerous Woodcuts and Coloured 
Plates. New and Enlarged Edition. By W. H. RossER. Crown 8vo, 
cloth as. 6d. 

SAILS AND S AILMAKING* With Draughting, and the Centre of 
Effort of the Sails. Weights and Sizes of Ropes ; Masting, Rigging and 
Sails of Steam Vessels, etc. By R. Kipping, N.A. Crown 8vo, cloth 

35. 6d. 

SCREW-THREADS^ and Methods of Producing Them. With 
numerous Tables and complete Directions for using Screw-Cutting * 
Lathes. By Paul N. Hasluck, Author of "Lathe-Work," etc. Sixth V 
Edition. Waistcoat-pocket size is. 6d. 

"Full of useful information, hints, and practical criticism. Taps, dies, and scretving tools 
generally are illustrated and their action described." — Mtckanical World, 

SEA TERMS, PHRASES, AND WORDS (Technical Dic- 
tionary. French-English, English- French), used in the English and 
French Languages. For the Use of Seamen, Engineers, Pilots, Ship- 
builders, Shipowners, and Shipbrokers. Compiled by W. PiRRlE, late of 
the African Steamship Company. F'cap. 8vo, cloth 58. 

SHIPBUILDING INDUSTRY OF GERMANY. Compiled 

and Edited by G. Lehmann-Felskowski. With Coloured Prints, Art 
Supplements, and numerous Illustrations throughout the text. Super- 
roysd 4to, cloth Net los. 6d, 

SHIPS AND BOATS^ By W. Bland. With numerous Illus- 
trations and Models. Tenth Edition. Crown 8vo, cloth ... 15. 6d. 

SHIPS FOR OCEAN AND RIVER SERVICE. Principles 
of the Construction of. By H. A. Sommerfeldt. Crown 8vo. is. 6d. 
ATLAS OF ENGRAVINGS. To Ulustrate the above. Twelve large 
folding Plates. Royal 410, cloth 75, 54I, 

SMITHY AND FORGE* Including the Farrier's Art and Coach , . 
Smithing. By W. J. E. Crane. Crown 8vo, cloth js. 6d. » 



\ 



STATICS, GRAPHIC AND ANALYTIC* In their Practical 
Application to the Treatment of Stresses in Roofs, Solid Girders. Lattice, 
Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and 
other Frameworks. By R. Hudson Graham, C.E. Containing Dia- 
grams and Plates to Scale. With numerous. Examples, many taken from 
existing structures. Specially arranged for Class- work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth. 168. 

" Mr. Graham** book will find a place wheravtr graphic aod analytic statics arc used or studied." 
—Enginter. 
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STATIONARY ENGINE DRIVING* A Practical Manual 
for Engineers in Charge of Stationary Engines. By Michael 
Reynolds, M.S.E. Seventh Edition. Crown 8vo, cloth, 35. 6d. ; 
cloth boards 45. 6d. 

" The author is thoroughly acquainted with his subiects, and has produced a manual which is ao 
exceedingly useful one for the class for whom it is specially intended." — EnginetriHs;. 

STATIONARY ENGINES* A Practical Handbook of their 
Care and Management for Men-in-Charge. By C. Hurst. Crown 8vo 

Net IS. 

STEAM AND THE STEAM ENGINE. Stationary and 
Portable. Being an Extension of the Treatise on the Steam Engine of 
Mr. J. Sewell. By D. K. Clark, C.E. Fourth Edition. Crown 8vo, 
cloth 35. 6d. 

" Every essential part of the subject is treated of competently, and in a popular style."— /r(?M. 

STEAM AND MACHINERY MANAGEMENT* A Guide 

to the Arrangement and* Economical Management of Machinery, with 
Hints on Construction and Selection. By M. Powis Bale, M.Inst-M.E. 
Crown 8vo, cloth js. 6d. 

'* Gives the results of wide experience."— Z-A»j^* AVwx/a/rr. 

STEAM ENGINE. A Practical Handbook compiled with especial 
Reference to Small and Medium-sized Engines. For the Use of Engine 
Makers, Mechanical Draughtsmen, Engineering Students, and users of 
Steam Power. By Herman Haeder, C.E. Translated from the German, 
with additions and alterations, by H. H. P. PowLES, A.M.I.C.E , M.I.M.E. 
Third Edition, Revised. With nearly 1,100 Illustrations. Crown 8vo, 
cloth -^^V/7s. 6d. 

"This is an excellent book, and should be in the hands of all who are interested in the construaion 
and design of medium-sized stationary engines. ... A carefnl study of it^ contents and the arrange- 
ment of the sections leads to the conclusion that there is probably no other book like it in this country. 
The volume aims at showing the results of practical experience, and it certainly may claim a complete 
achievement of this idea." — Nature, 

STEAM ENGINE* A Treatise on the Mathematical Theory of, 
with Rules and Examples for Practical Men. By T. Baker, C.E. 
Crown 8vo, cloth is. 6d. 

" Teems with scientific information with reference to the steam engine.** — Design and W&rk. 

STEAM ENGINE* For the Use of Beginners. By Dr. Lardner. 
Crown 8vo, cloth 15, 5<|, 

STEAM ENGINE* A Text-Book on the Steam Engine, with a 
Supplement on Gas Engines and Part II. on Heat Engines. By T. M. 
Goodeve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of " The Principles of Mechanics," 
" The Elements of Mechanism," etc Fourteenth Edition. Crown 8vo, 
cloth 65. 

" Professor Goodeve has given us a treatise on the steam engine which will bear comparison with 
anything written by Huxley or Maxwell, and we can award it no higher praise.*'— ffl^Vi/rr. 

" Mr. Goodeve's text>book is a work of which every young engineer should possess himself."— 
Mining Jottrnai. 
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STEAM ENGINE (PORTABLE)* A Practical Manual on its 
Construction and Management. For the Use of Owners and Users of 
Steam Engines generally. By William Dyson Wansbrough. 
Crown 8vo, clqth 35. 6d. 

" This is a work of value to those who use steam nuichinery. . . . Should be read by everyone 
who has a steam engine, on a farm or ebewhere. '*—J/ar^ Lan* Exprtss. 

STEAM ENGINEERING IN THEORY AND PRACTICE. 

By Gardner D. Hiscox, M.E. Wiih Chapters on Electrical Engineer- 
ing. By Newton Harwison, E.E., Author of "Electric Wiring, Dia- 
grams, and Switchboards." 450 pages. Over 400 Detailed Engravings 

[Just Published. Net las. 6d» 

Historical— Steam and its Propbrtibs— Appliances for the Gbnekation op Steam 
—Types of Boilers— Chimney and its Work— Heat Economy of the Feed Water- 
Steam Pumps and Their Work— Incrustation and its Work— Steam above Atmospheric 
Pressure— Flow of Steam from Nozzlbs— Superheated Steam and its Work— Adiabatic 
Expansion of Steam— Indicator and its Work— Steam Engine Proportions— Sliub 
Valve Engines and Valve Motion— Corliss Engine and its Valve Gear— Compound 
Engine and its Theory— Triple and Multiple Expansion Engine— Steam Turbine — 
Refrigeration- Elevators and Their Management— Cost of Power— Steam Enginr 
Troubles— Electric Power and Electric Plants. 

STONE BLASTING AND QUARRYING* For Building 

and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir J. Burgoyne, K.C.B. Crown 8vo, cloth is. 6d» 

STONE^WORKING MACHINERY* A Manual dealing with 
the Rapid and Economical Conversion of Stone, With Hints on the 
Arrangement and Management of Stone Works. By M. Powis Bale, 
M.Inst.C.E. Crown 8vo, cloth 95. 

" Should be in the hands of every mason or student of stonework." — Collitry Guardian. 

STRAINS. HANDY BOOK FOR THE CALCULATION 

OF. In Girders and Similar Structures and their Strength. Consisting 
of Formulae and Corresponding Diagrams, with numerous details for 
Practical Application, etc. By William Humber, A. M.Inst.C.E., etc 
Sixth Edition. Crown 8vo, with nearly 100 Woodcuts and 3 Plates, 
cloth 75. 6d. 

"We heartily commend this really handy book to otir engineer and architect reaulers." — 
English Mechanic. 

STRAINS ON STRUCTURES OF IRONWORK* With 

Practical Remarks on Iron Construction. By F. W. Sheilds^ 
M.lnst.CE. 8vo, cloth 5S. 

SUBMARINE TELEGRAPHS* Their History, Construction, 
and Working. Founded in part on Wunschendorffs " Traite de Tdld- 
graphie Sous-Marine,'' and compiled from Authoritative and Exclusive 
Sources. By Charles Bright, F.R.S.E., A.M.Inst.C.E., M.I.Mech.E., 
M.l.E.E. Super royal 8vo, nearly 800 pages, fully Illustrated, including 
a large number of Maps and Folding Plates, strongly bound in cloth. 

Net £3 35. 

" M r. Bright'^ interestingly written and admirably illustrated book will meet with a welcome 
reception from cable men." — EUctrictan. 
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS, Including the Setting-out of Works for Construc- 
tion and Surveys Abroad, with many Examples taken from Actual 
Practice. A Handbook for Use in the Field and the Office, intended also 
as a Text-book for Students. By John Whitelaw, Jun., A M.Inst. C.E., 
Author of " Points and Crossings." With about 260 Illustrations. Second 
Edition. Demy 8vo, cloth AV/ los. 6d. 

SUBVEVrNG WITH THE ChaIN ONLY— SURVEYING WITH THE AlD OF AnCULAK INSTRUMENTS — 

Levelling— Adjustment OP Instruments— Rail>« ay (including Road) Surveys and Setting 
Out— Tacheometry or Stadia Surveying — Tunnel Alignment and Setting Out— Surveys 
FOR Water Supply Works— Hyorographical or Marine Sur\eving— Astronomical Observa- 
tions USED in Surveying — Explanation of Astronomical Terms— Surveys Abroad in 
Jungle, Dense Forest, and Unmapped Open Country— Trigonometrical or Geodetic 
Surveys. 

" Thu work is written with admirable lucidity, and «dU certainly be found of distinct value both 
to students and to those engaged in actual practice."— yA/ Builder, 

SURVEYING, LAND AND ENGINEERING- For Students 
and Practical Use. By T. Baker, C.E. Twentieth Edition, by F. E. 
Dixon, A.M.InstC.E. With Plates and Diagrams. Crown 8vo, cloth 

as. 

SURVEYING, LAND AND MARINE. In Reference to the 
Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns' 
Water Supplies ; Docks and Harbours. With Description and Use of 
Surveying Instruments. By W. Davis Haskoll, C.E. Second Edition, 
Revised, with Additions. Large Crown 8vo, cloth ^/s. 

" This book must prove of great value to the student. We have no hesitation in recommending 
•t, feeling assured that it will more than repay a careful A}xdy"—AfedkAuicai Wcrld. 

SURVEYING, PRACTICAL A Text-book for Students Pre- 
paring for Examinations or for Survey Work in the Colonies. By 
George W. Usill, A.M.InstC.E. Eighth Edition, thoroughly Revised 
and Enlarged by Alex. Beazley, M.Inst.C.E. With 4 Lithographic 
Plates and 360 Illustrations. Large crown 8vo, 75. 6d. cloth ; or, on 
thin paper, leather, gilt edges, rounded comers, for pocket use, las. 6d* 

Ordinary Survbying— Surveying Instruments— Trigonometry required in Surveying 
—Chain-Surveying— Theodolite Surveying— Traversing — Town-Surveying — Levelling — 
Contouring— Setting out Curves— Office Work— Lakd Quantities— Colonial Licensing 
Regulations— HvpsoMETER Tables— Introduction to Tables of Natural Sines, etc — 
Natural Sines and Co-Sines— Natural Tangents and Co-Tangents— Natural Secants 
and Co-Secants. 

" The first book which should be put in the hands of a pupil of civil engineering.**— ^frA</rc/. 

SURVEYING, TRIGONOMETRICAL An Outiine of the 

Method of Conducting a Trigonometrical Survey. For the Formation of 
Geographical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, etc., with Useful Problems, Formulae and Tables. 
By Lieut.-General Frome, R.E. Fourth Edition, Revised and partly 
Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts. Royal 8vo, cloth 16s. 

SURVEYING WITH THE TACHEOMETER. A Practical 
Manual for the Use of Civil and Military Engineers and Surveyors, 
including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil 
Kennkdv, M.Inst C.E. With Diagrams and Plates. Second Edition. 
Demy 8vo, cloth AV/ los. 6d. 

'* The work is very clearly written, and should remove all difficuliies in the way of any surveyor 
desirous of making use of this useful and rapid instrument."— AWirrr. 
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SURVEY PRACTICE* For Reference in Surveying, Levelling, 
and Setting-out ; and in Route Surveys of Travellers by Land and Sea. 
With Tables, Illustrations, and Records. By L. D'A. Jackson, 
A.M.InstC.E. Second Edition. 8vo, cloth us. 6d. 

SURVEYOR'S FIELD BOOK FOR ENGINEERS AND 

MINING SURVEYORS* Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and Use of Theodolite for Traverse Survejring 
and Plotting the work with minute accuracy by means of Straight Edge 
and Set Square only ; Levelling with the Tneodolite, Setting-out Curves 
with and without the Theodolite, Earthwork Tables, etc. By W. Davis 
Haskoll, C.E. With numerous Woodcuts. Fifth Edition, Enlarged. 
Crown 8vo, cloth las. 

" The book is very handy ; the separate tables of sines and tangents t9 every minute will make it 
useful for many other purposes, the genuine traverse tables existing all the same."— W/A/«ur«iw. 

TECHNICAL TERMS, English-French, French-English : A Pocket 
Glossary ; with Tables suitable for the Architectural, Engineering, Manu- 
facturing, and Nautical Professions. By John James Fletcher. 
Fourth Edition, 200 pp Waistcoat- pocket size, limp leather is. 6d. 

"The glossary of terms is very complete, and many of the Tables are new and well-arranged. 
We cordially commend the hook.'* —Mtckanical World, 

TOOLS FOR ENGINEERS AND WOODWORKERS* 

Including Modem Instruments of Measurement By Joseph Horner, 
A.M.Inst.M.E., Author of "Pattern Making," etc. Demy 8vo, with 
456 Illustrations het 99. 

SUMMARY OF CONTENTS:— Introduction— Genkral Survey or Tools— Tool Ancuw 
— Sec I. Chisel Group— Chisels and Applied Forms for Woodworkers— Planes— Hand 
Chisels and Applied Forms for Metal Working— Chisel-like Tools for Metal Turning, 
Planing, etc— Shearing Action and Shearing Tools— Sec II. Examples of Scraping 
Tools— Sec III. Toou«< — Relating to Chisels and Scrapes— Saws— Files— Milling 
Cutters— Boring Tools for Wood and Metal— Taps and Dies— Sec. IV. Percussive and 
Moulding Tools— Punches, Hammers and Caulking Tools— Moulding and Modelling 
Tools— Miscellaneous Tools— Sec V. Hardening, Tempering, Grinding and Sharpening 
—Sec VI. Tools for Measurement and Test— Standards of Measurement— Squares, 
Surface Plates, Levels. Bevels, Protractors, etc— Surface Gauges or Scribing Blocks 
—Compasses and Dividers— Calipers, Vernier Caupers, and Related Forms— Micrometer 
Calipers— Depth Gauges and Rod Gauges— Snap Cylindrical and Limit Gauges— Screw 
Thread, Wire and Reference Gauges- Indicators, etc * 

" As an all-round practical work on tools it is more comprehensive than any with which we are 
•canainted, and we have no douhc it will meet with the large measure of succeu to which its merits 
fully entitle '\l,"—>.echanic€U World, 

TOOTHED GEARING* A Practical Handbook for Offices and 
Workshops. By J. Horner, A.M.I.M.E. Second Edition, with a New 
Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, cloth 

65. 

TRAMWAYS J THEIR CONSTRUCTION AND WORK- 

ING. Embracing a Comprehensive History of the System ; with an 
exhaustive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Cable Traction, Electric Traction, &c ; a Description of 
the Varieties of Rolling Stock ; and ample Details of Cost and Working 
Expenses. New Edition, thoroughly revised, and Including the Progress 
recently made in Tramway Construction, etc. By D. Kinnear Clark, 
M.Inst. C.E. With 400 Illustrations. 8vo, 780 pp. buckram ... jSs. 
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TRUSSES OF WOOD AND IRON^ Practical Applications 
of Science in Determining the Stresses, Breaking Weights, Safe Loads, 
Scantlings, and DeUils of Construction. With Complete Working^ 
Drawings. By W. GRIFFITHS, Surveyor. Oblong 8vo, cloth 45. 6d* 

" This handy little book enters so minutely into every detail connected with the construction of 
roof trusses that no student need be ignorant of these matters. — Practical Engitutr, 

TUNNELLING* A Practical Treatise. By Charles Prelini, C.E. 
With additions by Charles S. Hill, C.E. With 150 Diagrams and 
Illustrations. Royal 8vo, cloth Net i6s^ 

TUNNELLING, PRACTICAL* Explaining in detail Settingout 
the Works, Shaft sinking, and Heading-driving, Ranging the Lines and 
Levelling underground. Sub- Excavating, Timbering and the Construction 
of the Brickwork of Tunnels. By F. W. SiMMS, M.Inst.CE. Fourth 
Edition, Revised and Further Extended, including the most recent (1895) 
Examples of Sub-aqueous and other Tunnels, by D. Kinnear Clark^ 
M.InstC.E. With 34 Folding Plates. Imperial 8vo, cloth ,.. £J a*. 

TUNNEL SHAFTS. A Practical and Theoretical Essay on the 
Construction of large Tunnel Shafts. By J. H. Watson Buck, 
M.Inst. C.E., Resident Engineer, L. and N. W. R. With Folding Plates, 
8vo, cloth 138. 

" Will be regarded by civil engineeerx as of the uunoKt value, and calculated to save much time 
and obviate many mistakes." — Coliiery Guardian. 

WAGES TABLES* At 54, 52, 50 and 48 Hours per Week. Show- 
ing the Amounts of Wages from One quarter of an hour to Sixty-four 
hours, in each case at Rates of Wages advancing by One Shilling from 
4J. to 55^. per week. By Thos. Garbutt, Accountant. Square Crown 
8 vo, half-bound 6s. 

WATER ENGINEERING* A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of 
Towns, for Mill Power, and for other Purposes. By Charles Slagg, 
A.M.Inst.C.E. Second Edition. Crown 8vo, cloth 75. 6d. 

WATER, POWER OF* As Applied to Drive Flour Mills and to 
give Motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., etc. New Edition. Illustrated. Crown 8vo, cloth as. 

WATER SUPPLY OF CITIES AND TOWNS* By 

William Humber, A.M.InstC.E. and M.InstM.E., Author of "Cast 
and Wrought Iron Bridge Construction," etc., etc. Illustrated with 50 
Double Plates, i Single Plate, Coloured Frontispiece, and upwards of 
250 Woodcuts, and containing 400 pp. of Text. Imperial 4to, elegantly 

and substantially half-bound in morocco Net £6 6s. 

list of CONTKNTS:— I. Histoiical Sketch of some op the Means that have 

BEEN ADOPTED FOR THE SUPPLY OF WaTER TO ClTIES AND ToWNS— II. WaTER AND THE 

Foreign Matter usually Associated with it.— III. Rainfall and Evaporation.— IV. 
Springs and the Water-bearing Formations op Various Districts. — ^V. Measurement 
and Estimation of the Flow of Water. — VI. On the Selection of the Source of 
Supply.— VII. Wells.— VIII. Reservoirs.— IX. The Purification of Water.— X. Pumps.— 
XL Pumping Machinery.— XII. Conduits.— XIII. Distribution of Water.— XIV. Meters, 
Service Pipes, and House Fittings.— XV. The Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply.— XVII. Description of Plates— Appendices, 
giving Tables of Rates of Supply, Velocities, etc, etc., together with Specifications 
of Several Works Illustrated, among which will be found: Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and others. 

" The mo« systematic and valuable work upon water supply hitherto produced in English, or in 
any other language. Mr. Humber's work is characterised almost throughout by an exhaustiveness 
much more distinctive of French and German than of English technical treatises."- ^ii^jwrr. 
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WATER SUPPLY OF TOWNS AND THE CON^ 

STRUCTION OF WATERWORKS* A Practical Treatise for the 
Use of Engineers and Students of Engineering. By W. K. Burton, 
A.M.InstC.E., Consulting Engineer to the Tokyo Waterworks. Third 
Edition, Revised. Edited by Allan Greenwell, F.G.S., AM.InstC.E., 
with numerous Plates and Illustrations. Super-royal 8vo, buckram 

[just published. 255. 
I. Intkoductory. — IL Different Qualities of Water.— III. Quantity of Water to be 
Provided. — IV. On Ascertaining whether a Proposed Source of Supply is Sufficient.— V. 
On Estimating the Storage Capacity Required to be Provided.— VI. Classification of 
Waterworks.- VII. Impounding Reservoirs.— VIII. Earthwork Dams.— IX. Masonry 
Dams.— X. The Purification of Water.— XI. Settling Reservoirs.— XII. Sand Filtra. 
tion.— XIII. Purification of Water by Action of Iron, Softening of Water by Action of 
Lime, Natural Filtration.— XIV. Service or Clean Water Reservoirs— Water Towers — 
Stand Pipes.— XV. The Connection of Settling Reservoirs, Filter Beds and Service 
Reservoirs.— XVI. Pumping Machinery. — ^XVII. Flow of Water in Conduits — Pipes and 
Open Channels.— XVI II. Distribution Systems. — XIX. Special Provisions for the Extinc- 
tion OF Fires.— XX. Pipes for Waterworks,— XXI. Prevention of Waste of Water.— 
XXII. Various Appliances used in Connection with Waterworks. 

Appendix I. By Prof. John Milne, F.R.S.— Considerations Concerning the Probable 
Effects of Earthquakes on Waterworks and the Special Precautions to be taken in 
Earthquake Countries. 

Appendix II. By John De Rijkb, C.E.— On Sand Dunes and Dunk Sands as a Source of 
Water Supply. 

" We congratulate the author upon the practical commonsense shown in the preparation of this 
work. . . . The plates and diagrams have evidently been prepared with great care, and cannot 
fait to be of great assistance to the student."— ^ir/'/i/rr. 

♦ 

WATER SUPPLY, RURAL A Practical Handbook on the 
Supply of Water and Construction of Water Works for small Country 
Districts. By Allan Greenwell, A.M.Inst.C.E., and W. T. Curry, 
A.M.InstC.E., F.G.S. With Illustrations. Second Edition, Revised. 
Crown 8vo, cloth 5s. 

" The voltune contains valuable information upon all matters connected with water supply. . . . 
It is full of details on points which are continually before water-works engineers." — S'aturt, 

WELLS AND WELL-SINKING* By J. G. Swindell, A.R.I.B. A., 
and G. R. Burnell, C.E. Revised Edition. Crown 8vo, cloth as. 

WIRELESS TELEGRAPHY: ITS THEORY AND 

PRACTICE, A Handbook for the use of Electrical Engineers, Students, 
and Operators. By James Erskine-Murrav, D.Sc, Fellow of the 
Royal Society of Edinburgh, Member of the Institution of Electrical 
Engineers. Demy 8vo, 338 pages, with over 130 Diagrams and Illus- 
trations [fust Published, Net los. 6d. 

Adaptations of the Electric Current to Tblecraphy— Earlier Attempts at Wire- 
less Telegraphy— Apparatus used in the Production of High Frequency Currents- 
Detection OF Short-Livbd Currents of High Frequency by means of Imperfect 
Electrical Contacts -Detection of Oscillatory Currents of High Frequency by 
their Effects on Magnetised Iron— Thermombtric Detectors of Oscillatory Currents 
OF High Frequency- Electrolytic Detectors— The Marconi System— The Lodge- 
MuiRHBAD System— The Fessenden System- The Hozier-Brown System — Wireless 
Telegraphy in Alaska— The De Forest System— The Poulsen System— The Telefunken 
System— Directed Systems— Some Points in the Theory of Jigs and Jiggers— On 
Theories of Transmission — World-Wave Telegraphy — Adjustments, Electrical 
Measurements and Fault Finding— On the Calculation of a Syntonic Wirbless 
Telegraph Station— Tables and Notes. 

" .... A serious and meritorious contribution to the literature on this subject. The Author 
brings to bear not only great practical knowledge, gained by experience in the operation of wireless 
telegraph stations, but also a very sound knowledge of the principles and phenomena of physical 
science. His work is thorouehly scientific in its treatment, shows much originality throughout, and 
merits the dose attention of sdl students of the subject."- ^'t/rW^/^. 
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WIRELESS TELEGRAPHY, Its Origins, Development, Inven- 
tions and Apparatus. By Charles Henry Sewall, Author of 
"Patented Telephony," " The Future of Long-Distance Communication.*' 
With 85 Diagrams and Illustrations. Demy 8vo, cloth Net los. 6d. 

WIRELESS TELEPHONY, a History of. By Ernst Ruhmer. 
Translated from the German by J. Erskine-Murkay, D.Sc, M.I.E.E., 
etc. Author of "A Handbook of Wireless Telegraphy." With numerous 
Illustrations. Demy Svo, cloth [Nearly ready. Price about 9s. net 

WORKSHOP PRACTICE* As applied to Marme, Land, and 
Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Shipbuilding, etc. By J. G. Winton. Fourth Edition, Illustrated. 
Crown Svo, cloth 35. 6d. 

WORKS* MANAGER'S HANDBOOK. Comprising Modem 
Rules, Tables, and Data. For Engineers, Millwrights, and Boiler 
Makers ; Toolmakers, Machinists, and Metal Workers ; Iron and Brass 
Founders, etc. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook," Seventh Edition, 
carefully Revised and Enlarged. Medium Svo, strongly bound 

[Just published, I5#* 

Stationary and Locomotivs Stbam-Encinks. Gas Producers, Gas-Encines, Oil-Engines, 
ETC— Hydraulic Memoranda: Pipes, Pumps. Water-Power, etc— Millwork : Shafting, 
Gearing, Pulleys, etc.— Steam Boilers, Safety Val\'ES, Factory Chimneys, etc 
—Heat, Warming, and Ventilation— Melting, Cutting, and Finishing Metals- 
Alloys AND Casting — Wheel-Cutting, Scrbw-Cutting, etc.— Strength and Weight of 
Materials— Workshop Data, etc 

** The volnme is an exceedingly useful one, brimful with engineer's notes, memoranda and rales, 
and well worthy of being on every mechanioaJ engineer's bookshelf."— ^rfAtfwico/ World, 



Digitized by LjOOQIC 



CIVIL, MECHANICAL, ELECTRICAL <&* MARINE ENGINEERING. 31 

PUBLICATIONS OF THE 
ENGINEERI NG STANDARDS C OMMITTEE. 

MESSRS. CROSBY LOCKWOOD and SON, having been appointed 
Official Publishers to the ENGINEERING STANDARDS 
COMMITTEE, beg to invite attention to the List given below 
of the Publications already issued by the Conunittee, and will be prepared 
to supply copies thereof and of all subsequent Publications as issued. 

The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee as now constituted is supported by the Institution of Civil 
Engineers, the Institution of Mechanical Engineers, the Institution of Naval 
Architects, the Iron and Steel Institute, and the Institution of Electrical 
Engineers ; and the value and importance of its labours— not only to the 
Engineering profession, but to the country at large — has been emphatically 
recognised by His Majesty's Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee, and have placed at its disposal the services (on the several 
Sub-Committees) of public officials of the highest standing selected from 
various Government Departments. 

The subjects already dealt with, or under consideration by the Committee, 
include not only Rolled Iron and Steel Sections, but Tests for Iron and 
Steel Material used in the Construction of Ships and their Machinery, 
Bridges and General Building Construction, Railway Rolling Stock Under- 
frames, Component Parts of Locomotives, Railway and Tramway Rails, 
Electrical Plant, Insulating Materials, Screw Threads and Limit Gauges, 
Pipe Flanges, Cement, etc 

These particulars will be sufficient to show the importance to the Trade 
and Industries of the Empire of the work the Committee has undertaken. 

Reports already published : — 

1. BRITISH STANDARD SECTIONS (9 lists).— Angles, Equal and 

Unequal— Bulb Angles, Tees and Plates— Z and T Bars— Channels 
Beams is. Net. 

2. TRAMWAY RAILS AND FISH-PLATES 315. Net. 

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH. By 

Pfofessor W. C. Unwin, F.R.S 3S. 6d. Net. 

4. PROPERTIES OF STANDARD BEAMS. {Included in No. (>,) 

5. STANDARD LOCOMOTIVES FOR INDIAN RAILWAYa* '^' 

IO8. 6d. Net. 

6. PROPERTIES OF BRITISH STANDARD SECTIONS. Diagrams, 

Definitions, Tables, and Fonnolae 5S. Net. 

[P.T.O. 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTEE— (.^«//;,i/^./.) 

7. TABLES OF COPPER CONDUCTORS AND THICKNESSES 

OF DIELECTRIC ... as. 6d. Net, 

8. TUBULAR TRAMWAY POLES 5«- ^^f^ 

9. BULI^HEADED RAILWAY RAILS los- 6d. Net. 

10. TABLES OF PIPE FLANGES 35. 6d. Net. 

11. FLAT^BOTTOMED RAILWAY RAILS los. 6d. Net. 

12. SPECIFICATION FOR PORTLAND CEMENT 3s. 6d. Net. 

13. STRUCTURAL STEEL FOR SHIPBUILDING .. 35- 6d. Net. 

14. STRUCTURAL STEEL FOR MARINE BOILERS JS. 6d. Net. 

15. STRUCTURAL STEEL FOR BRIDGES AND GENERAL BUILD- 

ING CONSTRUCTION as. 6d. Net. 

16. SPECIFICATIONS AND TABLES FOR TELEGRAPH 

MATERIAL los. 6d. Net. 

17. INTERIM REPORT ON ELECTRICAL MACHINERY 

as. 6d. Net. 

19. REPORT ON TEMPERATURE EXPERIMENTS ON FIELD 

COILS OF ELECTRICAL MACHINES 5«- A>/. 

20. BRITISH STANDARD SCREW THREADS ... as. 6d. AV/. 

21. BRITISH STANDARD PIPE THREADS ... as. 6d. Net. 
23/ THE EFFECT OF TEMPERATURE ON INSULATING 

MATERIALS 5«- ^^t. 

23. STANDARDS FOR TROLLEY GROOVE AND WIRE is. Net. 
M' MATERIAL USED IN THE CONSTRUCTION OF RAILWAY 

ROLLING STOCK los. 6d. Net. 

25. ERRORS IN WORKMANSHIP. Based on Measurements earned out 

by the National Physical Laboratory I OS. 6d. Net. 

26. SECOND REPORT ON LOCOMOTIVES FOR INDIAN RABU 

WAYS los. 6d. Net. 

27. STANDARD SYSTEMS FOR LIMIT GAUGES. (Running Fits.) 

as. 6d. Net. 

28. NUTS, BOLT^HEADS, AND SPANNERS ... as. 6d. Net. 

29. INGOT STEEL FORGINGS FOR MARINE PURPOSES. 

as. 6d. Net. 

30. INGOT STEEL CASTINGS FOR MARINE PURPOSES. 

as. 6d. Net. 

31. STEEL CONDUITS FOR ELECTRICAL WIRING as. 6d. Net. 

32. STEEL BARS (for use in Automatic Machines) as. 6d. Net. 

33. CARBON FILAMENT GLOW LAMPS 5«- A>/. 

34. WHITWORTH, FINE, AND PIPE THREADS. (Mounted on card 

and varnished.) 6d. Net, 

35. COPPER ALLOY BARS (for use in Automatic Machines) as. 6d. Net. 

36. STANDARDS FOR ELECTRICAL MACHINERY. 2nd Report. 

I S. Net. 

38. LIMIT GAUGES FOR SCREW THREADS is. Net. 

39. COMBINED REPORTS ON SCREW THREADS (contaming Nos. 

20,28,38) SS.6i.Net. 

London: Crosby Lockwood & Son, 

7 STATIONERS' HALL COURT, E.C. 
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